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Abstract 

A metrology apparatus for determining bias or overlay error in a substrate formed by a lithographic 
process includes an aperture between the objective lens and the image plane adapted to set the 
effective numerical aperture of the apparatus. The aperture is adjustable to vary the effective 
numerical aperture of the apparatus and the aperture may be non-circular, for example, 
rectangular, to individually vary the effective numerical aperture of the apparatus in horizontal and 
vertical directions. To determine bias or overlay error there is provided a target having an array of 
elements on a substrate, the array comprising a plurality of spaced, substantially parallel elements 
having a length and a width, the sum of the width of an element and the spacing of adjacent 
elements defining a pitch of the elements, edges of the elements being aligned along a line 
forming opposite array edges, the distance between array edges comprising the array width. The 
numerical aperture is adjusted such that the pitch of the elements is less than or approximately 
equal to the ratio of the wavelength of the light source to the numerical aperture value of the 
optical metrology tool in the direction of the array edges, and the edges of the array are resolved 
with the optical metrology tool and the width of the array are measured to determine bias or 
overlay error in the substrate. A camera may be adapted to create a digital image of a target and 
the components of the digital image in the direction of the pitch of the elements, normal to the 
length of the elements, may be suppressed to resolve the edges of the array and measure the 
width of the array. Preferably, the means for suppressing components of the digital image 
comprises a microprocessor adapted to perform a fast Fourier transform on the digital image to 
convert image intensity to a spatial frequency domain and a filter to suppress high spatial 
frequency components of the image in the direction of the pitch of the elements. 



§1^5110-0276851 



(51) Int. CI. 



(19) aeei^sisora) 
(12) mmmm^^m) 

(45) S2i» 2001^01^15^ 
H01L 21/027"" (11) B^Htt 10-0276851 
(24) urns 2000 ^ 101 04^ 

(21) m^&m. 10-1998-0034917 (65) «l 1999-0023941 

(22) mmm imsmmzisi (43) e 2 H m h 1 999^0 3^25^ 

(30) 8/919.993 1997^08128^ QR(US) 

(73) mm^x\ ejEiui>Mtf hixilii^ oi^ sseiioi^ ae> m 

□IS? 10504 Ofga 

(72) a*g» u§ aai^sm m 

□R 2^EI3i^ 06804 g^AII sLE Af^ 118 
M^Li EIEAI CHI Ol 

OR 2^'EI3!^ 06877 SXIiSE 3l^20ieHE 27 

(74) CHdie! 21 9 Ml, SS? 



(54) JigaohoioH^a^gaaioioiiag&gofeJii^gxiaisgAii^ 

e 1 mxi £ 6^ s aiaa aashoj sse ahs cm S3 oieiioissj ise. 
e 78 3^ oiaioia s?§mb %m iwm dpisi jh^e. 

E.8S E 7011 EAI£ 01£II0|2J SSE. 
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SSE. 

ES°I ¥S0|| CH» ¥SS| 



26-1 



g!?ItoJ 10-0276851 



101 






103 :' gj S*3I 


105 






107 : 01 01 XI B 


109, 


111 : a 


100 




113 


cnaioi 




115 : ^£ie!M 


117 


B3 




119 : £A r 


200 






201 : ¥ §d 


202 






203 : ?r3x r £i 


204, 


213, 231 : JH? 


205. 


206, 230 : B 


207 


Al ££l DH 




208 : SS1AH SI* 


210 






212 : gj a»3l 


214, 


216 : CHs 2!* 


215 


§§ B 


217 


CHg b 


218 


±E1IO|X| 


219 


3IB 




220 , 232 : 


222 


omixi b 




224 : fin 5>rOII£r 


226 


0I0IXI HSAUAH 


228 


ggj DFOiaSHSAIIAI 



«w ^» as/ 



e gfSS Bl^aSHfll SIS AI£B( lithography manufacturing systems)0ll 3ff 2E^AH, 

3SI. 0.5 OrOia^kCr 5rS Xr4-(order)2| XI4=fi g>b 2H@ IIIx4(feature)fi EL| El S 6PI Oil m§\ S 
SS. OrOiaS Sir Sxl(microelectronics) flISOII ArgElb a£32HII| SI 0)1 S H£A||±0||A1 2| d r OI 
C4±» SUaS»fe 311 A 3PI S! AliU,' (optica I metrology tool and system)0ll XOICr. 

£14:331 El 31- 5j§afe S0t2| g?lb WJIIfe, BtES, SB CI 4:SaiO| (flat-panel display). Or 
0iaSEH4J(mlcromachines) * Q±3. 8||E2| §1 SSffCr. Bl^aSHHI = S All £011 AHb , S2f 
BSa(Sa OlDUKaerial I mage)) Oil 2|5H Or^a Eb aiEIS HHS(reticle pattern)* 3IB&2I 5§ 
aill^eoKphotoresist film)°£ SAr&Cr. 84=3 32* 0101X1 S, 3 0||LiXI3r EMaiXl^e XHg. 
21 g|§ £b (photo-active component; PAC)2| »fl[ 2S2| S31I Oil U Jl (threshold energy)* £^5f 
b ?S8 SSailXl^eOII latent image)* i^trO. E£aiXI£M A|£g!0fl/Hb PACOil 21 

6H S6rOI 3§ SSSP. SSaiXI£M A|£g!(4:¥l, tr ^OH SSaiXI4:M(acid catalyzed 

photoresists)) Oil Alb. 3X1 #SSf sfS(photo-chemical interact i on ) CHI 2|§H &(acld)0| &g£l 

a, oisoi es#: wioiagoii am seaixi^M ^si erssroi s#s sserc*. oi^ s^sxi. 

(Sf£ SSaiXI^SOIIAH) e# ESAU 4; (development process) §Br XII » £J » U . Eb (s£ £ 

saixiieon/H) 01*011 yai soi. seaixi^ssfoii 3 »a eh§!s assrE^ §rb ssaixi^ 
asaixi^e 0101x121 ^ae s§ s^e, tt chi u xi r> r ssaixi^sstg SMaixi^M a3fl oimxi 

21 a 311 9b 0OIQ. ki * £§§ OiaiS 0 2| XHOmb e^OICr. SAK illumination) 

AI2* * £A r Oil 2ISH ^§3b tig, &9\ aajg SB 01 □! XI 24 S3 Oil Li XI ■ SS&CK k 
#2| ¥b3 ^§S, 3IB2| eiAtS(reflectivlty) 91 §53 2HH( topography )2| ^SfS 3|fi!BO. 01 
01X12} A|£H{ imaging system)2| ^§a(focal plane) Oil CHS SSaiXI^MBfSI 91 XI Oil 2|§H ^§£lb 
5§S, OlOIXKin-focus image)£f bia& IH2| ^22| if± §£• aSSCf. SS2| ¥b2j 

3ie s* ¥M a ssae.iEi2i a§is j\°ima. 

IS.^2§, kS S 2§0I BSSSPI OH SOU, £l4:aBHEI HSAIIAOII 2|§H ff^S II«@S 3H^^°S 
SLIEIg a ^§5rOi IIH§i2| Xl4-3r 5|g gflUIOII S!bXI BSSHOf set. di^aaitti 

oH^ &Ec 8^ 8H^3tfe& £1^ H|«2| a^l^AH §2|£|bQI, 3 trkOjl aS»0|| CO£r 0121 a 
S S LI El a 21 S2S0I 6rS8l 31 SICK 6} EMI 31*011 AH S^9b DHeS iS.^2§ ^!<y » =d2| 
8^1 :>rX|M, a 01 S| Xl^b ^2| XI 4= 21- §^§r>1Lr 01 SCI 4- HHOICr. ^2| x\^m ^ x|4=^ 

S2|8h01, 321 X|4=b, ^XH2| SB 2IEX1I 3|^0l|AHb 0.1 0fOia^2J 3fJ4'S¥EI 1 DrOiag* 
5lb 31 WXI0IC1. =°| XI 4= b IIHe2| Si XI4-0ID1, El^aSHEI E£A||^2| SH^E B3II0II ESSr 
b 5S 321 XI4-0IO. 0IS°S¥EI. 3B 3 r S ^01 3 r § ES^ej XI4*0|3| OH SOU, £14:3 

Eillll ES/dl^2| S3r5PI 91 8H Sai¥E1 EUE1SEI3 2ib 5S 3 = Xl4=0IQ. 

'dtOIOl^tblasJ'afe SCHb i§ Elxi2| X|4*2| SS2i(nominal value)ES¥E1 ^SIM 3|*§rbQI Ar 
iSO. S^. 2r£ CH^2| d}0|01>:b ±§2| EIX42I X|4*M S 3fS afS XI 4* 21 2 If 01 D. 
01, 'drOICM^'Efb §01b aiXI^S 0|0|XIS1(resist imaging), OH S . ^ 2SA1l^2f 5f9 
orOUIE ^o\y\ Afg£|ffl, 0101 XI a}0|CHi, OIIS UrOIOIi. H&!§ bfOIOI^ mUt §01£ 31* 

act. 

SS^ES, 4^A r axi ^DI3(scanning electron microscope; SEM) Eb 3PI(optical tool)* 01 
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g§K* nns2i ni»« sua nam. a xi^s *§(3ii*)£0. exH2i gaw/dt am foj 

S oi»3 E£ S 30 xl*(critical dimensions) 2) e!£K*( in-line) 311*1 I fl« ^|aS(^pdown) SEMS 
AIS8UI 21 Q SEM 31l*a 0H^ 8H&ES 3f2 2i CM . 0.1 OWIHg x^2| El 21 SH&Ol 3rs 

so sem *§§ iSs oio in I ms» §21 ¥^si S3 at Hsnms sH^imfe 2101a. -s 
a^gjjBE seHiJs ?ba uiloi loi ^qeiw. 5*01 hi^ eelih. nssui 0^0. a 

A^ 0 5 urn 0\oT° ia5 xhMcHtical dimension; CO)£l 2J£fei *§0| SXH SEM 3I3I*0||AH *«a 

SoVea Sag ass We feOKons so. o^oii &e! 3iea measi saienou/H §ch xi^ 

■ B98tafe □ §81E3f 3I25H0F- BXI 30-50 nmdl S318HM. 0I33S «J2| |J f f 

as i»a a¥fe oiyxi£ r E =i *J§!3e! g¥oio. my/H, ft »ahch hi soil ae 

HSe xl4» »IOIS flSHAIfe. ias SEMa BE? (cross-sect ion) SEM, TEM{ transmission 

electron microscope) ft AFM(atomic force microscope) 31 BS. SBB S*B«jJSJ &3 :OI fcfioh 

0 ^XH2| BPS SEMS 01 a & '3§($5tIE, calibration) 1 * SoH 10 nm(3o ) X|4*S| *§ Sfe'Efi 
SXISrfe 332S gZfSO. ifOS SEMOI XrAIICH SOU SfiS CD 3H*££ *rSrS 4= SJgXISl OJ¥fe 
SISAI Sa 0 25 urn DIPJ2J 3HH HIM 21 *§2| PJSH , OIQIXIsl H21 s^S BB. Xrgsta 

una oi a., ;hioim hh xt. oil xi s# m- s $\m es ahsai^ss azte ess 

01 n. ias sEMg Xr§S13r 3711 B^SCUl SHE, £W fill 01 311*011 AfSS »a* 31310)1 dloH kSI 

2, uisoi ama. afmjU- as xneia ftft oiase as tain, as uib 3301a. 

?ioii/d fis>a cd 31* aaio^ ema. pjeipj a 2=aei 311*21 s?bsoi sail 33°^ aoiw. 

01 »9JE aE ft SsB Wei WeJ 5||*2j '§ai!E(accuracy)'3r °JBie! 3D* 31 

3 a ?a& 3«s fel 4§a aaas s^£! ^§21 s^aoii h^aii^« sxiaisi^ 5101 

C 5& Bile! D|=E3r EJfe SEI2! S312I OloHS §fe BS S^2| SSMI^ ^^Sf Oil 01 

E1(routine' process characterization data) ( Oil B SS, 2§ E# QHe^^( focus-exposure 
matrices) n £A1l^ H£¥ HI HI (process window comparisons), £!H ^<y(swing curves) s)» s 

SSuatchinfl). agsi soiti. ^e, y§ ^ HisoiDi. is, oiaie Hima^oioiot e 

3lk/aAK inspect ion) 3PIO0 fi^flfe ^fi& S nH&iS S^SISAHE S*»3II ' a^Jfee) tt 

2 21- -LaoiD iCIS SEMS E5£l°! S^S SStt 330101. Be SEM, TEM. AFM, 231 
BS(electrlcal pr'obe) ^ VW. £ = 311 ^011 AH gfi& ^ f «» 301 » _^E« »l 
SAI, 9J£r9J S EHdrPJ 3||*S 2¥ 3^3PJ 5S»(arbl ter)e! 331^! a ^^011 01 Sal S^S 

a. 

g§f 3«*0I SEM 5! AFM 311*31 a^a #31 ^SPIte §^IPi, A|^ilO||/dt Cjaf 

1 otoiasficf ma xi^2i g^e asb fl& §H^a B^te^Q. e& s(_ false) jf£ c , 

SIEX1I X1IS 9DOIIE|^0n/H S«f ^01321 AH«0r0|3^(sub-micron) 31I*0I|2| ?§s HlSoH SQ. 

S 21 x|4=^|- a-<M2| IU-SOII SSSOII COM §H^£(optical resolution)^ A1Sh£ £JoH, 2|2|2| a 

mag « son as} ^oisa ^s§^ 3301 uhhisq. eiaiei 311*011 ch& §«i^ aas xtxima^ 

E PJS (HI XI SSI B5S© OlOIAKblurred image)Sa ii * ZftfSKH. 0I0IXI2J SSIttaaj S 
EHb WOlffl^SI Aim 21X121- CH 01 61- axlo^l SffeCI. 0121 ^° *§2| 1 a XI « (consistency) 2| 
oi SH 3 |soj s §[ 3H*g ^1^2? 0.5-1.0 um2| BieSCt. 

2 asa aasKM. &exo rasoii Aisafe ^^a nssi ^^oi 3311 ^eia. s§i 3ii*s 

¥1 lis HHEiya S 9i 3 OrSHOII fee! SSI SJ&E( &Hm) (granularity) 91 
2^E(uniform'ity)0|| PjaSrO. 9^ 0)01 XI (opt ical image)0)l SifS Dlxlfe Qf2| ^Hfe MS Xl4= 

21 &ms.M mm m^m ^e 9XQ. 

OR B8I XII 08/359.797 S. fll 08/560,720 B. 1 08/560,851 SOIIfe D10I3M SXf Sxl XIISCHI 

Alga £I^3£HEI 3* 01IS H£A1I^2| bhOIOI^ SL|E1^!2| LH§0l 3HAI2I01 SID. 01^ mm 

mm M 08/560,851 BOIIte. 0I0IXI B*(image shortening) S^S 0|§5^W H^^2| DIXlB SUHS 
6^ &aOI 3HAI3CH 2iCK OR fi XII 08/560.720 SOIIfe. bVOIOH ^ % EtHBIIOI 0|| SIB * 

§§ feQ | n^a. tH L| 01 (vernier )B OlgSffe *§ »B0I 3HAIEI01 SiCI. OIS ^61 m&mU 
I iiOl ft 3>b Ol^a BB&( spaced parallel) l£ieiM2) OiaiOlM ^90i, ^£13^0, 

Er¥(end)3r CH£||0|2| Oil XI B OIS ^§1 SS2I ft *§ SSS OH^ ^S§l3lfe 5| 

U, 5SA||^2| ^§1011 CHS HE3K 0101X1 2*011 2|6H Si^Elfe 33011 2|^SH2 2iQ. 
[Ti£fAI 0 5 0I0I3E 0I&2I Xr^2| XI^B 3Jfc S2|2| S2i2| DH§! Hlxl« EUaUSrSAH. X1S& 
H i2ok 4= 2iH SSfOI BSOi. XISSI3I 01261 ^fiorU. &^ 3j|*g 01 

SB ei£r2J £I±3EUE|/0II§ XII CHS 3r^6MI 61fe bfOICi^ &§ HSAII^- SEM ft/Efe AFM 31l*g 
E+XI 51 S ^^^S ASH Q.=?M SSJ- 31 §fi8|D1. 

sgj, 3 |£o| o| 3§§ na)§rei. s wasi £|^3s«ei ssaii^si ^ui^ah §*ia hh 
esi moioi^ ft EtHaioi ousib essf^ »af 311* 3131 ft sxim M\sm^ 33010,. 
& as 21 o§ ^a &i4:3aHEi hsaii^2| aasAH s«ia nHa2i atoioi^ ft eoieiioi oiiaiB & 
gsrb &a ft s^s xiisafe 33010. 

s m«o, Q e ^5ja s^a hh@2| oi-oich^: ft 2 well 01 onai2i *§s mmmn. m\m 3ie^2i 
s?iS 2!3ii oissffe ft a^s xiigsi^ 33010. 
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s asa ag §?3S a a* eoiss^ ©^tn^tv bioioi^ s oiiji awaioi a^s aissife aoi 
a. 

S a§ AfSS 311* 3|3|Mfe 2|£^2S 8K#S 4 2JEHI & S3S OlgSffe tthOICH 

S aS2| ^3 9! Olgg ¥S^2ife gs»8HM , ?g^!£5fe SA1IAH£¥E| S^oHI! 20ICI. 

sejjiooib #3i a a§ §?ss s asoii 2|§h ssaoi, s wss pea as 28§ »i 
sm°i a-soiiA-ib, s ass an syaiejssj cnaioiM 3i©#oii hissssam. s.i^ziaHni hsaii^ 

Oil 2J5H g#a 3|©2| a 3|| SI 4= blOIOI^ Eb 2W3IOI CHI EH » ©§8lb 5£AI|±« I1IS6I0I, CH £11 

oife soi sy £fe ^421 gas oi^a si&iass ?ssd. ^£iejM°i mk 21 

m an a as 2*2i ©321 eon sjsh ^£Ieim°j eixi3i saiaa. ^dieiM°i &¥ Eb oiixife s^si 

CH HI 01 Oil JIB g#8lb £IPJ8 &l£l §1301, 01310121 OIIJIS A|0|2| ^£|fe 013I0|2| =| 01^311 

aa iff, oiaioi Haemai 301B ^§8i&, sa 9i n=?9 ?*b 3ii* 3i3i3i mesa. 

3)1* 3|3|b I ) SS12I HIS, ii) 3H^4 Eb iii) 3*©g#(partial coherence) § 6IU 01 
SOII CASI01 £13|^olCI. 01 HS/dl^OIIAIfc H£l©^2| 111x131 CH 91 01 (Ml XI SI B8°£2| 311^ 

31312) 3h?4oii ae sa m§2i Himea »3iu, Eb chb* e^§i3ii sie^ saaieiMaj eixi, sa 

2| US, 3H?4 9! ¥S 3|©£j§8 tfHiec*. »*WI, CH3I0|2| Oil JIB S«J 3(1^ 3I3IS SH#8|- 
H, CHaioi2| =g *§8I01, 31 ©2| UIOICH^ Eb £tnaioi on as ©gehCI. 

dUr^'SMIb. ElXlb 3|©#0II 114:21 ElXiOII CASSIffl , W5I|0|2| =g *§5lb §& ^2| 

sisieMfe oiaioimoiiAi sh#£1ji a*bch oiaioi2i ^aisjeoj gj 0 ib cnaioisj ^£ias2i =aa 

g 4= ojp. *§g, ^Siaeoj a0J s ( CH3I0I2I S,m 3|£JI = b e 3H2| S(row)S ^Slb, ^ 

42i 013a ai£iejM2i 201011 casich seium, hi si ess oi^ois «2i aoioii casicm tysH^o. 
wasie ^AionoiiAHfe. cnaioisi nixiaoi »«on oaf soi§m, s§t 3ii^ 3i3i3i aias2i 

gg(non-circular puplDS 3IJI2, %± 013101 HI XI 21 &S2S2I 3||* 3|3|2| 3H^4 NA« 5l 

□ 013101 El XI 2| gjgogo) S §f x| ^ 3|3|2| JW=?^ NASCf Sf£^ ^§i§lb 201 ^§5|ffl, 3 SEf 
CHaiO|2| OilJIfe 6H&SIJIEh ^^2| ^£|SMfe SHSSH SffeCK 

aci b^sifih sawiAifc. b ass si^hehei hsaii^oii °\m s^a 31&21 bioioi^ awai 

01 0IIS.11 &§6rfe HSAil^OII 20ICI. & HSAIliB ^ISS|3| ?|oH ^£IBjE2| 01910131 3|& 

son HiesEiDi, oiaioife aoi s ^« s>b. ^421 ors sse asea, 

^£161^2) =Et 01 § ^£|giM2i2| 2}^2| §J-0|| 2|SH ^£13^2) EIXI P3| S2IBCI. ^£151^21 & 
« fe ot^oj CH 31 01 Oil JIB l!£!aii= ^^^2| £|0lg d£| ggElW, OiaiO|2| OIIJIS AI0I2I 31£|fe 
CH310I21 S;m 01 ¥311 BD. Eft. CH fill 01 ^£IS1M2| SOIS ^§6131 91 & S3. ^H? 91 CHs S!5 

■ 5>fe aaj 3ii* 3i3i3i Bisaa. set 3ii* 3i3ife i ) s§!2i ms \ , ii) oiaioisi chi xi as 

°£2| SS} 311* 313121 3H : ?4 NA SEb iii) ¥^ 3|2}^^ o g §rU 01 #011 CHSI01 S13|fe6ia. 
HSAII^OIIAIte, C|g3l aS 4=^*101 #ilE|E^ ^£ieJM2| EIXI P, SS!2| EIS, 3H?4 9i ¥S 31 
2}^#S tlSiffCI. 



OI^MI, 2i2t2| ^£ISie3| 01 31 01 LA Oil A| 6H#3Jlfe Bfca. 013IO|2| Oil JIB I«f 311^ 3|3|S 8Hg 
Sill. 0131012) =| ^SSrOI. 3I&2) b|0|01^ SEfe 2W3I0I 0||£1« 

Si± 013101 EIXI2I &»o S o| gat ^|^|oj ^(1^4= NAfe s| Q| CH3I0I EIX|2| a»°S2| 3|| 

* 31 31 2| 3H^?4 NAHCI SE^ 4= 2iC|. 

n^xil^ 9J § XI Oil bloH S6r@ 3S°£/d. S SSS £I4i331E| H£AHI>iOII 2|SH 31© 
2| b|0|01>: SEfe StH £1101 Oil SB &§Sfe 311* &XIB SE& JllSSIffl, #31 3||* SXIfe 31 
&£| blOICH^ Efe 2W3I0I 0H£1S &§6I3| fl& H^S □ flOfl ^b 3|©S 4§6|fe CHS 
©(object plane)^, S|L|2| »80H/H, Sa°£¥E1 3|&#2| H2!#°S »8lfe S^S a 
CA atfOII/H, S.m°i OIOIJIB SS8|fe 9J-AI- Mi 4SS|fe, gam CHS S AI0I2I CAS §!!^£l, ca 
S e°£?9 &Aia a^2| OIOIJIS S&Slfe 4<ysife OIOIJI ©(image plane)S s&ea. 

CAM ^521 OIOIJI B AIOIOII SXI2I 3H^4« 5!l!5|fe 3H?3| fllSSa. HI&S|S r 3fl. 3H?B 

SISIOI SXI2I g§ ?H^4ff ^SIAIS 4 3H^?B HISS. 0H2JCH §SS°§ §101 §XI2| S§ 

;H^4« 4S 9! 4*1 gr»2S ^SAIS 4 2iCK 

©ea aaoiiAife. s ass £i^naiEi hsaii^oii 2|sh s#a 31B21 bioioi^ e^ stuaioi ona 
m esarfc 3ii^ &xib «is8nn, #31 3ii^ #xife gam, 3ie°i bioioi^ e^ awaioi onaa 

©§6131 ¥ie a=IS 3 ¥1011 5>b 3I&S 4§5lfe CAS Bi, 3|L|2| &80IIAI, aS2S¥EI 31 &# 
2| &2!4f2S &o|fe 4S8IH, 91CA &80IIAI. H3 2I OIDIJIB S&8ffe &}AI »d§ 4S6I 

fe. isa cAs e Aioi2i cas o\s e°£¥Ei auia h§2| oidijib sesrfe s^s 4 
<ysife oidiji ©s asffa. sam omui © aioioii 9x121 :h?4* eijAi^ife sa^ifeet 
bias 3n^3i sisaa. wbsiwjii. 3H^fe sasom, a\m 2!*s* oidiji © aioioii bhxisiw, 

SXI2I St 3H^43| 4S 9! 4*1 8ISSS SSiSE^ CH £!3|fe8ia. 

e a§ as oil Aib, s ass. 



26-4 



sss 5)10-0276851 



a) saie^si cxsioi* ?>b }ie&oii ag§^ b:xi- oiaioib hoi ai =§ at. ^4=21 01 

Ajgwog gggv eyases 5»8H3. HBIE!bo| =3| BS HI El 2*21 B32| tfg ^£|B 
M2| El MB §2|o)D1, i!i£|BM2| Oil XI ^ g,**2| CM 3101 Wl XI B i!£!5hb £)Bg COS! §132. CH 91 
0|2| CHI XI & AK)I2| :H£lb 0)3IO|2| =§ 01 ¥311 8- 2), 

b) E)&g 3*b 3 91 OH S3S 3>b 3IB8 4-§8lb CHg 8)U2| g^CHIA), &B°£¥ 
E) 3IB&2) 3^^2I §?8lb S£» 4*98*3. BCH &80IIAI. 0101 XI B S»8H2 BA* g£j§ 

4asib. cue & A)oi2i ch§ CHg ess^a baib s^j oioixis sewt &<y§ 

4£J8*fe 0101X1 B3h »«J 3)1* 313121 3H?4S BSUI9|b, Dig £1*2} OIDIXI & A)0|2| 5 

Mils 3H?» S»8*fe »a» 3)1* 3I3IS XH!S3)b B3)I2I, 

c) aiaassi eixi3) ch aioi on xi aaassi sat 311* 313121 3H94011 ch§* #s m§2i biesa 
5}^u, Eb Diai mmm^m n=?^m £§8)b B3ii2i, 

d) §si 3)i* 3i3is oiaioi2i chi xi « oH^sui, o)aioi2i ^m *§6ioj. 31B21 bioio)^ Eb awai 

01 Oil Si 9 &§5fe B3JIB SS5te, £I±3EHEI 5 £ All £011 2I5H 3IB2) ti\0\O\± Eb EbHai 

01* &§6te 5£ All ±011 B£S 201CI. 

biBsiej ftiAionon/d. nixib 3ie#oii ia@ a ±21 ma on enema, &xi (d) §2f ^21 aaae 

b 0)31010)011 AH 6H&2IXI StbCI. EB. S6f 3)|* 3|3|2| 3H^?b blSJSB 2101 UfSSISIffl. 9311 
(c)OilAH, Oiai0|2| CHIXIb 0)3I0IU)2| 2t2t£| Iflojefe 8H#£|XI StESI. CHEHIOI CHI XI 2| gf 

»°S2| SSf 3||* 3|3|2| 3H^4 NAb CH3I0I OH XI Oil 4*19 gf»©££| 311* 3|3|2) 3H^?4 NA 

2) C)£3)l dsiacf. 
£ ttg2| E 2!§§, 

a) ajaieeoj 0)3I0I« §>b H^JS 3IB6KHI JHSStte &3II- 0)3IOIb SJOI » 33 3>te. §?42| 01 

^ § »o S gs& s£|oje B seam, ssieieoj =a- eis aieiaMasi B321 as aaa 

M2| E|XI« §2|§|ffl, SJ£ISeo| oil XI b gf*2) OiaiOl OIIXIS g^eFb £h2iS 0>£F §1E|2, 0131 
01 OtIXIS Ah0|2| TiBlfe 01 811 01 SU 0I¥3|| g- 2f. 

b) mSS 5fte »S1, 3 91 Oil a^S i h fe 3I&S ^Solfe CUg sm2| if Oil AH , g^2S¥ 

a 3i&^2j fi»^2s gfsife g^s ^ssm, yen sj-eron/d . oioixib a»sife &m s<yg 

^S6fe, CHg & AVOISJ CHg ^S2f, CHg e°S¥E| S^AIS H2| OIOIXH SSSIfe S<3S 

^ilSffe 0101 XI B3I, 311^ 3I3I2J 3H?^» aSfA|3|fe, SSlHf OIDIXI B M0|2| S§3|^ 

b|g!S 3H?« S&SFfe S«f 311^ 3131* XllSsfb B3H2J. 

c) aisiHMsi nixpi- oiaioi oil xi &»os2i saj- 311* 313121 3D ? 4»oii ch& s§! in s si bissa 

5f3HU, ib »°| S^SFE^ 3H^?4-a £!Sife &3||£|, 

d) CHaiOIUI2| a|2|2| ^E.|°jes 8H4fSO| 8*01, »§l 311^ 3|3|£ 01310121 CHI XI « 8H^8f3. OiaiOl 

2i ^saioi, 3iB2i Hioioi^ SEfe smaioi oiia-ia easife B3ii« sesi^. a^neHni as 

All ± CHI 2ISH 3IB2I umiCHi SEb 2tHaiO| Oil SIB B§8lfe °£A||^« HSffO. 

ai#S!t!- ^AIOIIOIIAH, 311* 313121 3H?b S&80I01, B31I (c)CHIAH, Oiai0|2| CHIXIfe §H^EIU, 
Oiai0|LH2| at 2| SISIBEfe SH^SXI 0131012) CHI XI 8*»2S2| SS| 3||* 3|3|2| 3H^4^ 

NAb CH &1I0I °l CHi XI CHI 4=^!B &8HS2I »B» 3(1^ 3|3|2| 3H74- NASI- Ct§^l tfSjaO. 
^dlS^oj HI XI b PSAH, SS2| DISS X sLAH , 3H?4*b NA^AH §2|£|I2, gif 3f|* 3|3lb o £AH 
§£|£lb ¥S JlZiaSi 3|Xlb 3^. B3II (c)b Dg2| 4=8,^01 SilSfE^ 3H^4= Si ¥S WZUA 

&m s^sfb B3ii» sesife aoi aiesism. 

p < or ^ NA(T+TT 

Ol CHI 2J6H, 2|2|2| ^£|BE3| fi^2| CH ai 0| LH CHI AH §H^QXIte SfteCf. 

b^5!8F3fl. »8f 3)|* 31312) 3H^b blSSOIOI. B3|| (c)CHIAH, 0)ai0|2| CHIXIb oH^SU. OiaiOILH 
°| 21212) SH^aXI 8)£f, CHaiO|2| Oil XI &»SS2| 1^ 3)|* 31312) 3H^4= NAb 0)31 

0|2| CHI XI CHI 4=£j£J S»°S2| &§t 3)1* 3|3|2) 3H^?4= NA2I a = 3)l ^ejaa. 

s as 21 se die 2§g asai. n ?ioii 3iesi b)oic»^ £fe ebnaioi oiias B§si3i ssj 

- ssjg hoi s s?b, ^4-2) oi^a gse aiaiBje^ sffstfe oiaioia 5>n, gy 

£ia^2| =2) £i3 MSieSZfSI Zf^£| STS ^£I&S2| HI XI S S2JSKS. ^Sl&^oj oil XI g^*2| 
0)3101 CHIXIM §^8lb £IBS CO£f §^31!, 0)3IO|2J CHIXIS A)0|£| 3)£lb 0)3I0| 01^3)1 g 

- m 5>b 3i&s 4=§sib ens &a s&sife. di^iiaiEi a^Aii^oii si sh m&& 31&21 hioich^ 

Eb 2U)3|0I CHI£)w BS8lb 3)1* S XI Oil a& 20ia. CHg gllSb SS!^ CHg B AlOIOil XIISS 

oi. 012s amai &»oiiai. tassva 31&&21 asi^as s^ib 4= asm, bch &»oii 

AH, S5|2| 01 01 XI • S»8*fe BA) &<M§ 3fCHISfb CHg &2S¥9 H^!2| CIXI 

1 0101X19 «aSO. ^£IBj£2) HI a S| «t §f> ^£|aE2J gOIOII 4^2JB CIXIl OIOIXI 

21 gg§ 2JX)|§)b 4=9 % CH3I0I2I CHI XI H mgo\H 0)31012) =8 *§8)0), 3I&2J ti\0\O]± Eb 
2bH3IOI CH|S-)« BS8hb 4=B0I CH fllgBP. bl&5|8Mlfe. UXI1 01 01 XI 2| ggf SjXHISfb 

PXIl 0101X121 ^£1011 4=S§hO) 0101X12) SEfi SB 4^11)4= S^B£ S&6lb 

0)OiasaSA||AH2), ^dlB)E2| El XI gf»o£2| 0101X12) feg SB 4^EI4= S^i Sj»l8)b 191 
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bbs bsoiiah, s ess. 

a) aiaisMsi oiaioia s>fe h^s pib&oii xiiss^ eai- oiaioib aoi sy =§ ^, ^421 01 
^b ^§»2£ as& maieiMe 5BW. ^eis^sj =21 as asiasasi yajsi &s saie 
M°j mxi» §£i sum , ^£ie!EO| oiixife oiaioi oiixib ggsrte aBS ma §122, cnai 

0121 OflXIS AI0|2| :H£lfe 01310121 s g 01^311 g- 2*. 

b) 5321 ana oioixis ^£§11= ewisk 

c) ^eieiEoj fflX | g tsfi aaiBMai aoion >,«oi a&2J C( xn 0101x121 ^nmt: a 31 
a. 

d) waioifii oiixis SH&SH2, 01310121 mm ^§skx. d r oioi± Ec Ewaioi wisfs egsi- 

fe BMIl SSfifte. £1 ±3211111 S£ All ±011 2|6H IS@ 3IB2J ti|OI01± Efe EttiaiOl OllSlfi BSSI 
te S£A||±« EB BliSSO. 

B3ii (c)b axii 0101x121 n^ ^aioii g»s ^tma 0101x121 sb s& 
§m, ^£iejE2! nixi gjsfossi 0101x121 §b ggi gassfe 33 a sae*Q. 

M'g?2/ ?g 2! *m 

s BS21 ^§#g tisei j°s b^sich, e gfgsi bibiem *si ^sis^pgfloii 

}|^Ba. £918 BXI 0IIXI2JB 20101, g»| ^CH£ EAIB 21 S OIUD. S &g XI 

«ib s^2i ?g §y as oil bb aoim. a?e ES2i »m oi§f2i #ahib sssie s 

0I8HS 4= 2J8 aoi a. 

e tfssi u>»sie! ^aioii* Pi^sfeai 21ouh, e 1 mxi e 20s ssi 210101, eboii sichah e 
a & ¥§fe s sjgsi §i& uayia. 

OR ^51 SB HI 08/359,797 £. HI 08/560,720 S, HI 08/560,851 fiOllte £1 ±331111 SB 'OI0IXI 
B5( image shortening)' B&OII 2)§H HI3S SUHB»fc H JB % SxPI ^HAISOI SLEW, 0131S S 
g AHIAHCMIAH 9JSi!P. 

Etnaioie ^§§rOi sh&sixi at nn@ ai^ei s^e a ii£i s^Aisifc 201 n ^b ^aei 

dl££ a a} 311 3* 3PI (unmodified optical metrology tools)* 0185*01 8H&SXI Sfb nH@ 013101* 
4 21 □■. S ttSOIIAIfe, B§t 5||* SSI 2188101, 0101X1 B^ 01 Ell 01 Oil AlgB a°J2j s 

b^ iihbs sssrfe nn@ cnaioi °i chixib sst^ ^ saxib, oiaioi2i ^sibm x r tig 01 thk ai± 
soil 2isn ott&sixi sfea. oiaioi°j ^e.iBMfe, a si sooaisi ^£isis2i oiixpi cnaioi2i oiixi* 

§2|orE^ 5>, °J2|2| gEH Efe ^IfS 4 SiQ. 

Hl»S|e» ^ A| Oil CHI AH , <M^§h 511 a* 3|3| » AI^SOI 5HAI3CM, Olftlff AI^BS MQ Hfif^oMI, UIS 
§ ^H^S ArgSrW 313121 SI 5H?4fi HSAI^Ch 

e i mxi e 60iite. s gfssi &S3I- aeefoi, ?Je2i ahs as oiaioi2i nnesoi eaiejoi 

Sia. ZW2I Oil Oil AH, S£lBMfe SOI SI 48 ^IXIffl, S£IBM2| B¥^r CH2HIOI °J Oil XI S g^SrE 

s §2S sssioi «a. e toBfc ais »£sai ei§s aaoii 3i^a bi£f eoi. aei & 

¥ Byline end shortening) 01 A|g@ OH 6 5131101^011 AH er *r£| 013101 M@OI EAI30I 551 

a. 01310121 DfliJS 4^821 SfSSIfe Si£l2ie(i20)§ 51X101, ^£IBMB2| B^g ^£I3eo| m. 

a sasm. ^£iBM2i =g ea£iBS2i aoisa ^a. ^2121 ias§b 01310121 =s 
b^2|2, ^£iei£2i B¥fe oiaioi2i chi xi « s«fto. ^^21 oiaioife oiaioi2i ijoiaa ^ 

E 2fe 4^'2i ^r&Slfe ^'£IB£(122)fi 3>te §r »£| OiaiOl EH§!S EAISH2 2iECH, S£IB£B2| 

B^s ^£iei£2j =2i oituixis sasm, aiaiessi ai&^xis S£iBM2i aoisa ^a. 
est, ziztsi aieiaste oiaioi2i =s ^saai ei^an, ^£121=21 &¥fe oiaioi2i gf* oiixie 
saeto. nau, ^^21 cnaioife cxaioisj aoiea ^(^£121^21 ^012* saei) g^tea. 

0iai0|2J OIIXIS ^£IBM(122)2| 81 01 »«0« CHoH 90°2| zf« Ol^a. 

E 3S 45j *y(vertical row)2£ SfSSIfe SB^^B 2*^£! (staggered) ^£lfflM(124)£ fi 
»2| OiaiOl HUBS EAlem Sia. 0IS3rXIS. ttEIBMZJSI B^S ^£IBM2| =3f §^§12, U 

£iB£2i =g ^£iBM2i ^oisa aio. nam. sound ^oi »son/d)si n*tsn aaa§ 

fe SB2| B^3l &8 B^ Ell BS ^£IB££¥EH 01^301 Sia. IB CHI AH SJ ^£|B£ A|0|2| B 
301 a Oil PISH £)2JE£ §83X1 & h n, 90° 0IS r 2| 2|g 0I¥E^ ^£ieiM2| SI 01 2S3I sia. IS 
2| B ¥011 AH 2| ^£ieiM2| B¥= ^£IBS°| IS °| g^gfCHI CHoH 90° 0|o|2| 2|S Ol^fe 01310121 

oil xi ( 124a) m asaci. 

E 4fe ^£IBM(125)« i^fe #2| OiaiOl HHilg EAIS r n 21201. g)£IB£B2| B^B ^£IBieo| 

=3i Discus sasm, ^£ieiM2i =s qis^xis ^£iei£2i aoiaa ^a. naa. 
^£ieie(i25)g onaioi2i chi xi chi dish 45°2i 2|es usecr. ^^21 aaest n noi» aa b 

^SjOIOi, ^£IBie£| B¥b 01310121 OIIXIS ««&CK OiaiO|2| = D atfay = 1.414 x ^£|B£ 

2i aoioia. 

E 5fe 45|2| JJ2S Sl&SIb MB^^B ^£I21M(126)£ ?S3 B »2| OiaiOl HHBiS EAIorH SI 
a. OIB^rXIS, ^£IBMB2| B3S ^£IBM2| =21 S^SIXIB, 01 CHI CHI AH S4 3^21 ^£IBMfe, 
^£I21£2| =01 ^£IB£2| ^0121 SSIStH. 4»5| f" CHI AH 2|2J°| ^£ISie^f sh^oj ^mjj sejgh 
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z.^ eh a»s a'aiEHMs^E) oi^as^ ggtejoict. iy£i2!Mb cnaioi2i onxi3i iy£iemd22)2j 

4^2! «S2| ^8 Oil CH8H 90°2| atg 0I¥£* 4=2! K 4=S S^OII CHSH gSSIXISh, £ 3011 £AIS b121 

itoi m\M se& a»Ei3y §j 4=e ho. e 5011 eais biai its cnaioi nH@°i iy£iejMb. oil* 
ss. 3iemoii oiiss 0.3 m m 21321 ssj^ ssi jife^e! mas 4- 2icn , bioioi^B sai 

oPI fl8N 3IEh0ll g£2| 52! M&m OilStf H2b Si 3S0IC1. 

£ 68 g§ g(over lapping rows) Oil AH SUSa Sib §gt§j S£ie^(128)S & £2| 01 

aioi hh§!S EAism aa. qi&^xis. ^se 421 smotiAHsi fflsias^si eh 38 aaesssi 3 
m sacixiei. atatsi 4-5! eias 4-21 gssci. saiem^ eise gi aioi°i aaei 

M Zf^OI ^£121^21 4=2| |yo| Bf^oH CHSH 90° 0|§12| 2*8 OI¥£S| iBSCI. 

S BtSS E£ B S 21 £l±3aiEI HH@, mm SS. £r8J. ^g!!XI(trenche), E^IM soj Hjjgs jjio) 

SlbCII 21 SS 4= SlteBI. 013IAH, Oiai0|£| OllXIfc HSAil^ tfalOII 0}£1 at ^£13^21 011111 4^§[ 

a. s aasi gee cnaioi2i ohxpi sh&eiu ot aioi 21 at at 21 naei^b sh&eixi se^ 
hhs otaioi°i ?^ei aasioi asi2j m§ s/Eb eoisa 3h?4-oii 2ish a at an* 313121 sh&e 

a gge/ 4= 2JQb 20ID. S tag il£ie!^2| XI4=0|| CHS Siedower limit)* g§tt S2b 

act. sci ate a a as xi 4- 011 cush sj2i2j ^§ sijem s^sipi ?i sh ah b , oiaioi 1^12^21 

EIXI31, » at 311* AligSI §S25(cutoff) SZt 4-E14-2I «4=( inverse)* g21 SISSIES. 6H&ES 
£g(tuning)» H231 SiCI. 

g*t 311 2| £25 §2h ^E14^(F c )b 3 HIS, 3H^ SI 3 5§2| 2fflg2| §£0fl 2|oH ^§aci. g 

bjsiss. Fo i= NA/msoii biaisns, sHfe^is m± eixi p mi „^ cig2i ^at^ia aoi ^chsci. 

Pmin *• NAO+TT 



0)3|AH, 

Pb S2j oiaioioiiAH asaem =a §!£I2!H zjatsi &, 
a b a«t ^1 51 oil 21 on Ai§gfe ws, 

NAb eOI3 CHS ^2S2| 3H?^. 

0 b 5IZt^^(Eb. CHS S!2 NACHt Cflff SS! NA2| b|fi)0IO. 

OIIS SOI, NA = 0.5, o = 0.5 * HIS = 500 nmOIS, P nin = 670 nmOIQ. 01 670 nm OiefSI El 

xi ■ nH@s oH^taxi sts aoict. oiae ?52i 2 xis oiaioiou-ib oiaioi ?«oii axi a 

OH a'Alolb StEb. HHS 31 bllHSIOI SS^AH UEtfctQ. 012)101 °1 = ib Oiai0|2| & 

oi2i as oiaioi xi4(o array pi p min eci 3S(o array » p mi „), o a „ ay b a at 3ii s ^s^fbsici. 
mi, oiaioi2i 3H^ ^£ieiMb oh^eixi ataaiE. ^§3ise oiaioi xi4= o array b ^£10^21 xi4= 

^SIB ^21fJ- 4= 2iC1. 0121 SOI, 01310121 9 S| SfgOII o|SH ^£IS!E j|>,oj oi^oi fllOI^I 31^ 

si a. 

E 70HA1 . &st 311^ 3131b »a(101), gl Sff3l (beam splitter )( 103), e!J2(105) * 01 01 XI &(107) 

s setaa. as(ioi)°s¥a &Ata a^ a( light beam)do9)2i 3H^4=b m§ x m stba. 

S S»3|(103)b ¥b212S ¥31A|3lb 01 EH (par t iaf ly transmi tt ing mi rror )ft SStSICM, S(109)2| 
SitE2| ^^31 a(111)££/H 9J^(105)a S3H 01SHS etA1E|£^ eCK eU^(105)2| OtSHOII, S21 
OiaiO|(113)(E 8)31 2iH. 0431011b ^ w » SOI I2| ^4=2J ^d|& M(115)31 £i3, ^ s2J 2}^(S) 
2£ gdiaffl, HHS2| ?IB(100)6tOB £l^3EHfflO|| 2)5H Siitiaoi 2iC1. asiB! = (115)b E 12011 £ 

ais tit£t stoi. oiaioi2i =011 ^xi s^^ei (ia s^e) eteioi^u. Eb oiaioi2i =011 

61b ^^21 fS^ £1°i SEb £1^ 4= 9LQ . U\m, S BSS| gtSOII flldl wb sSD 33HU 2f« 
4=E S12L1, £ 12011 EAI9 b1£t aoi , wb s£1 SUStCI. ^£ISiS2| E|X| Pb w21 s2| &j& 
SI CI. w, s, NA, A * o Oil Die 2tS P31 A / [NA(1+o )]HC1 st^U a 311 9E^ SSH2C1. 

St! BJ C 11 1)01 6!!S(105)S S31Sr04 23(113)011 giS 0101X1 gj(119, 121a 9i 121b)2£ 

AH S^SCt. S »S2| gtHOII CEtELt i£IS§2| fflfl, 3H?4= * Ht§tS dSje ^21, 2tzt2| aSIE! 
E(l15)b HiaiBS Ah0|2| 2t^( 117)011 CHSH SH^EIXI Stbd. O(XIIS) Xl4=(order )2J fit At gj(119) 
S AS 2(5!S10t ^1^(105)21 g S»5|(103)B ME1S1W, 3 S&h §E3f S(123)2SAH UE1U31I & 
CI. fi*1(113)2£¥E1 SthS S(121a S 121b)S at at +1 » -1 X14-0IW, a at 3)1^ 31312) 3fl* 
§21 BtSg S^ghCh. 

ad23)s oi oi xi e(io7)6toii omixi(i25)« s^eci. 0101x121 =a D array , ^, 521(113)21 =31 

S^'SICI. 3B114, P, A , NA §J 0 2) <m em 0)1 2|SH, 3X1 22! CHai0|2| OH XI Bt 01 8H&1 S, UK 3 Oil 
CHSH atatSI g£iae » 6H4t£IXI StECM, 0101X1(125)21 LH¥b 21^ S^(gray area)2SAH 

UQthCI. El a 2| 32JAI3I3, aS!21 E1S, 3H^4- » Ztd^S ^S*8t3HU. afJ°1 ElSSiS 

3SAI3I3, ffl XI. 3H^4- §i Sia^S ^S!S13tU, 3H^4-« 3§A|3|3, »S2| EIS EIXI« dS| 
4- 2iC1. 

e atasi & gou ah 2ise bisi aoi, s^ig 31&21 ohsoii chsh e^t cHbiaa. sh&sixi atb dh 

@S ^§§1^ aiO)|fe OIS E1£10IEH(NA, A , a )• XHI CH » 4- 2ib S0IS0I ^SSOI. 2HUS1S CH £HI 
0131 3H2| oH^SJXI SJEif eOOS 5§1 4= S13I HHS0IC1. aS!2| E1§# SijSIS, HH§! ?§£| 
^e(contrast) SX1I31 v^fl 4= 2i2ffl, o S a^AI3l@ OH XI SI €h§S1(r inging) » PS HJ&s,'s|XI 
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seh fm^ ergs 4= sio. • 01 si- aoi. Hiomb sois mooieib, ;m §g, §? 

SXH(iris)^ 39101 ST 4 Sib JH?^ NASi 2101 df§r2|8IO. 

£ 721 g§2| Sfl£§A|, 3 3H«* M±EB gJAIOKdarkf ield)S 3SB 4=E SID. CH§*0|, 

sh&sixi s*b lines ^sspi ?tsn tussie hichs m&m sfe as oioixisi gj±!E ^ si 

D. Oil B S3, (*&2| Sig ^S(spot)§OI Oft!) Et8!£(elliptical) Eb S&«2| 

^SS(el I iptical or rectangular spot shapes)§ 3^ §5§ SOI3(confocal microscopes)§ z ?^id\ 
H, OIS HIAIS DH@2| 3181 » 8*311 BO. EB, ^^2§ tl&lB £rcj2£¥EH ^S£§ 

bSIEIOI d&rofb ^£8 SSSIb ±3HE|£0IEI(scattefometer)B OlgSIOI S2J2J Sorb Wl@g 3 

§b ^ 210. es y«s mes nHe£?^¥a a-goi o\& 2|es. v&m x&nm ^isstfe ^eioii 

(Fourier spectrum)S 3*3 21010. OIS ttBIS fchS ^SECHIAH S« 101 gSH SSS2§ 
W, H6H&E9 ^b HHSS 2 8 8} XI SJb S^°S¥EI 4^3132! DHSS 2B81b S^S 4= 
HO. 
^ Al 0)1 1 

£l^3BHm S§25 2JiHS 300 nm 33121 S^M §S 2>b 3IB0I S »S2| 0IS8KM SI (MS! 

0. E# OH §Sji( focus-exposure matrix)fi A*§6H, 600 nm2| MXIB 3*b 300 nm s,'S£| 
M2| CHaiOI« ^iBCf. MS SB. £ 5011 EA|£ dl£1 SOI. D array b (5x w) + (4x s)2l PSO 
Sit! 3D. E 8011 EAIS tJh£t HOI, IS D a „ ay fiO tlfi! S 22£ EA|£l2iXieh IS Eel D„ w 01 
SIS S 4=E 2iO. E 10011 EAIB HhOI2SHE »af 3IJS; 3|3|(Biorad Optical Metrology TooOS ^ 

as oiaioi xi ^ 2i esfa, e 9011 eaib EB(Opai) sem°s 49s- at ssjeoj 

HoH&E SQb XHSH&E0IIAH ^§ b^0| 212S &S?£|3I OH S0||, b^S S§t SH&E2) 

2JES EAISO) HQ. 2JH SfeS, 575-625 nm2) S£ »S. 0.72] ^4= 9t 0.52) ¥b 3l2htiS 
» 831 fl» 3*! S El (red filter)* AfSB El a^EIM. □ Sj» ^2J S^ISb 8H&SXI SJ3II S 
O. 

S BS2I 3|g2| §J SfS ^£I&E 2S2I self SI HI0I22HE AI^UHBiorad 

system)2| &fi& si E}^2§ 2iSH, S!ffl2J SEM2f OISO CH ¥^Sf 21ES UEfUH 

aio. *si, e uoiib, EE(dose)/^§ eaoii me as?! eaieioi sack e us e 9 k e 

1021 *§0|| AtSS ££2| g?|^0IIAi2J CH3I0I2J Xl4 rj SEM X|4=2J 33||» EAIft 3BHH0I 

Q. 3^21 CHS* 10IOI, 01 b asSKcomparable) i^ESS U&yiO. H^OI, 2}2|°J 9 

a!- ^§2| y^^S 7.5 nm(3a )MO Sf2, SEM2) &h^^S 10 nra(3a )fiO 3CK S A|^H2| §S}^ 
S SEM BS S/Sb AFM HSIIffflOII CH& 2S0II 2JSH XH38 4 Sid. »Sf ?p|2| 2!§gg 

^ssin si3i misoa. hsj- as ssoi ejes^ib ^aieixi 212s oii&b 4= aio. 

^AIOII 1011 Ad AtSa S CH £(|0| CH3IOI24 ElxPf en at 01 21 a 01 SfS 91 ^ »»J» e^siE 

S. ^s, 1 SH^EOII PISH 391 SfS 01 ae S38KHIAIE CH3I0I =2) »at *§21 § 

°^Eb ^^^=21 sem ^ a on ui5B ^SfO. ch aioi nHe2i nia^ s^eron a>o sroie s 
2i mEi 3ias oissFw 311* &w\m mm w&m 91m qm swan 4 210. 

S2> SEH 3|^2J e sag S^S Eb OS!S §21 HISS §5 AhSSffe 21010. 01 SBJ 

Oil 9iSm, SSf SH^ES 8m£| &»2S y-PJI 8F0J HH@S SH^SHI SE^ 8FDI. OS ^t, l ESbr 
4s 311 Sf« HoH^E ^§01 3l^8fE^ E 12011 EAISh 02J HHS2j ^§ At Al Oil Oil A| , 4 

5| oH&ES ^Xl 81-01 , 2| OSJS SH^8HI 8fEf 8|fe ttS , »»2| 6H^E« k>ll 31 

01. Oej ^0I3V §Sr8MI ^§8 4 2iE^ §hb 2101 d^siSO. 0I21S. * 4-^1 &»2| gf 
^IfES 3m 3H^« 2>fe UIS1S 3H^» 0ISB2SW 4- 2iO. 01 BIB «*I2| »U2| ti\& 

^AlOllfer E 13011 EAIel UI-21 SOI, SDI§ CH^ e!52| ? El Oil ^(Fourier plane) Oil Sib 4 3H2J 
SeilOIES HSDa^ffe 3H?<bladed programmable aperture)S ?S@a. a2IIO|E(blade)(54, 56) 
fe AIS BS8I3IE 812 ^OIX|3|E 810 AH 4=5! SS2§ 0IS3fk8lffl, 2t2| L«* =S Oil XI (inner 
pupil edges)(55, 57)* 2>teO. SEI|0|E(58. 60)fe AHS 5S8PIE 81H SCHXI3IE SIB AH 4-1 
0IS3^^6^D^, Ul* §S 0||I|(59. 61)S ^bO. Ul^ 0||X|(55, 57, 59, 61)b ^013 

CHS §!!£2| eSS S2IBO. OIS 4 3H2| SaiOlE* 0ISAI31 ^01 e S&S 3H?» S2IS-2S 
Ml, 31X121 CHfiflOi IIH§i2J *§0I| fflSjoj >j S g S ^ SiCt. OS S£|2| UIS§ ^EH2J ^^S 

MSB 4=E 2iO. 
^AIOII 2 

E 1221 £I2J OH @ Oil CH6H Si!f &&I0I 2>fe 0|§S ^2J8|3| ?ie Aisaioi^oi ^SSO. 01 
3|AHfe CHe|IO|(50)3| ^4-21 02J ^S ^£IBM(52)^ ^ ^£121^21 * wfe 350 nm, fiOl 

is 2 omi3s, fflaiesgyai sb 350 nmoio. cHaioi2i =s 2101 1 31- sae 2 oioibsoi 

O. 1£IS1M(52)2| B¥fc CH 5)101 2J 0)|XI« BISSO. 0iai0|2J IJOIb ^£ieje ^( 16 ) x 
S ^(350 nm) + 2.^ 4*(15) x 2.^(350 nm)21 SLf. 10.85 0f0|3S0IO. 0ia& CHSIOI HH 

S2| 01 01 XI AlSaiOldOl 3 3fXI ^0|» OlOIXISf ^»0R CH8I-0I ^AISCH, E 14 Ul XI E 16011 EAIff 
0101X1 S3fS mmmQ. E 14b k = 500 nm, o = 0.5, S!§ NA = 0.72J S^2| HSH^E2J CHg 

mzm EAism sick 21^21 yeioi sh^s3i oh sou. oej n«e2i oiixpf 

mS(ripple)S OOLHH SlfeQI. 01 OS! a0|2| ^§S QH^ OH ^ 311 §10. E 15b NA = 0.37, o 
= 0.952J S4f2) XHSH^E CHS gU^B EAI8H2 2iO. ^^ k 2J 4^S 02JS OJ JEM Em 5H&OXI Sib 
O. 01 ESOflAHb, OIOIXI 5S»g| ?UH3| 0£ XHofSIOH, S^ ^EJ^2| 2.^01 &CH32S U0I3 
S » 4= 2iO. E 16011b E 1321 SAfff 9»« §S 1EH» OlSSt S^OI EAI£|0| 2iO. 013| 
AHb, Ulil e§2) A|§0II 2JSH 4*3 NAb 0.70IH, 4=2! NAb 0.37S SiSIOI 2iO. 0I»3|XI£. 

3, k ^°i dteis asH sh^sixi sbo. nam. 0101x121 ^bHb ^§ as* 2 hh^j §3h£i2i 

O. OOAH, 4=S » 4=5J a»£| 3H^4»3| ^0|8h3|| d^S blSlS §i§ OlSSte. CHBII 
01 ^SIElSB SH^SFXI SiHki CHaiOl Oil XI B SISIb dl CHS. 3H&B 4= 2iO. 
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e i7« sssfs, fliM°i suss sf flioia'flSH. s gsoii aish ^ ch aioi HH@, Oil 

a sej, nH@(4o)s sisffe ciHfoi^ roam E&moi mm siioi m (42)^011 ej±H& ^ sip. 
nigs ueiupi ?ioH. ai^M hh@(40)°i ^aieiefe cmo\± dh@2| sin°j a 311 EIXH21 = 91 ma 
ao sfg e^ oia sas(cHS8^) ^ g nixia 3fxiot oh sei aioia 011 nja/dfe. ai^s 
hh@(4o)8 ^4-21 oiaioi ygjs s»sn>, oiaioisj 3 a ei^oi, assr^ sal #21 sj£ m 

Si Efe £I£3£HEI =SAI|>i SI 3|3|2J 514: XH£I fe^£l &6)S| XI4* S?1fi 3HW8)E^ £331^5) 
a. 5)4:21 S^, 301E 8HJ2I a 2! 01BII0PI- EII^M DH§!3 =?g&Ot. E 17011 EAiS H)21 S 

oi. his im@(44) ai/EEfe as 114*21 §n gj ^§ bh@oi sixiaoi saxi as ssisi s^oii ai^e 

HH@(40)S ^SAIfJ 4= 9iQ. 012} &£l, B||X|±e/0||g 0|D|X|S] m&sW 3381 S^OIIfe. ^2J 

= gj nixijf ^sfsfe SAfgh ai^M Kiss, oioixi ie ai noibisi 2^chi ssaib 4= 21a. 
e i80iite aiai xi 3 oiaiois ^sa smaioi hsjsi saAioiw eaisjw 21 ck jibsi e attain 
21 m 1 sai ¥ss at at x geKseieeoi aoife x *oii ss)°i as gsa «iaie!£(i33. 

135)1 gite 0151101(132 Si 134) Si Y gg(*j£ieiM2| flOlfe Y ^di 8812S g§@ 

aaie!M(i4i. 143) s at oiaioKuo Si h2)» as§ib 22s eaisioi aa. aiaiHMysi ya* 

S 013101(132. 134, 140 Si 142)2) SI£JE!M gS8)L). g}*°| OiaiOlfe 1^ g£ig(131)2£ 

¥Ei ggei 3H£ichi wixiacK oiaioisi &s 338 ^^s^ai, ooiah (o^a e^ aiEis 

#21) CH £1101 &S| CH8 Oil XI8( facing edges) A|0|2| g§ ^£|(nominal distance)^, ±§2| £§<X|0| 
Ot. QfSh^XIS, CH 3101 #(140. 142)E §SJ& SBI2S HH XI E ^JH2| E38 

?iB2i am aim goii e!i«a xu 2 oiaioi(i52, 154, 156 u issjs ^gaoi. x si y **o« 

CH8H B«e SOII §19 §ag Idia§(153, 155, 157 Si 159)S SfteD. S^2| 01 £11 

01 b S2| g^S(151)°£¥EI ELI CHI SICK H£ieiS&2| L^S 013101(152. 154, 156 Si 

158)2| aiaejs ^nf ssmch 

0IIXI2J EtHaiOIS es»3| ASH, 53 0iai0l(132, 134, 140 Si 142)2) OIOIXI* 3|&2| e edvi^oh 

ti si onsmn, H2j oi ai ok 152. 154, 156 si 158)21 oioixi* :>i»2i am emu^on ti sj 0119 

siCf. 01 OH. S3! ¥S2| g&'§(131. 151)8 AH£ SXIAOI2. ^ ^£ieiM ^0|2| X Si Y ^tfS 

sxme* ea. hioich^ si Ewaioi onsit= x « y »»on cush. e oiaioima 011x15 moi e^ 
sas^u fefois en vu^si oiaiois ai-oisi >i£ia ^s&ssw ?ii^a 4- aa. isib 

□ WOli; IIH02) Eg Si fii^S S¥ XII a 3^ 2SA||g a£IH »^0|| 9KOI3E] 3|&°S DH@8 

0«S»te S21 SSHS 4= 2!CK Ee.K E 18011 EAI9 fi^jg §£H2) ^I^OtlAH Afgg! g^2| oi 
si^(box-in-box) SSJ8 S|S CH X1I Sf^GI AIS8 4= 2iQ. 

e SSS si S^a eJ£fSJ ai* 3Plfc H^j §y OIOIXIS A|^g!2| Xfxll ^xl(self-consistent) mum 

oigoioi aar gois2j §f3iis ^^s!ci. s^ei ui2f aoi, asis hh& ^£0^21 ^§ 

Oil 01310121 011X12) XHSj^Q. 

E 190)1 JH^ES EAIS B12f aoi . 3IB fllOlffl^SI H2|(160)S El XI P£J , SfflSi flH@ 

aej(i6i)2) oiaiois ?asa. nixit ^§ oi^ason cue a ^siai2) eixioii axi& 

Q. OiaiOl = W 0 E 311^ 3PI2I 514: SH^EOII HI SH EA|§1 flH@ SPII2I 3^, W 0 S 

iIH§! ^£13^21 ^01 CHI Eef 8HS©D. DgSI ^afAjj* SfOI. P^l «fttf 8H^£ QieiOIS 
P < X/NACl+ff) 



0131012) gsi 01 01 XI EAIS Hf£| &0I EIX^I Sfe as £I2J(162)0I 1 20101. 01 31 AH. JIH@ S8£| 
SEfe EIXI2) gf»2S 6H&EIXI CH e» 01 SI ^ 9 8H^aQ. B«J S0I3 511^8 

Olgo^, £)2J(162)2| OIOIXI* s§Uim 10)801, CCD dlM&tiW 5^1 4= SICK S3 2^E 
9l|2|(trace)a £}£!( 162)21 SOI S§2£ 3KHI&- A| OHM Oil 4-SaC1. ^§ 31101^(163)^ CHai0|2| 
sO| L array a»S£2| Cf4=2| ^4:011 0| S^XIS ^i|g8 4= SIP. ^§ 31IOIM0II 2|§H sate £12i 
2| a 01 a»H£2| 82 ilEfe ¥EH@ S^OIIAHb US AH , £F21 ( 162)UI0||A1fe l Bin SAH HAia 

Q. 21 (HI XI Oil /H S| E§£fi§ Cfe C1M2) 4-4,^21 ^01 ^CH5!C1. 
€ = i™,) / (i™<+ r rai „) 



4^4011 2|6H ^§a CHaiOISI = W m 8 §§6)3| ¥H SfCN . S &3ia Cf4^2| 31^0)1 2|5H ^ 
^SBSSW OD XI S#8 «Stt 4=E SHOt. 

W m = xi- x 2 



oiaioi2) egr Xc b D82j 4=^*1 ei- aoi ?oiao. 

x c = (x,+ x ? ) / 2 



a#sh dia aoi, §s e^s ¥221 ssa^ 5321 g?ioii axi, *sa ^01 ^xn2j =Ef axisj 
e^ ^simfe soi gsaia. 

E 19011 AH SI @2 &E 9112! ^Si EUEIS»2£*I. 2 SE2| ^1113) ¥g^!2S SHS8 4- 91Q. 
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s§|, >,S}A| 40IIAH §°JS OIOIXI E^Ef^s^ 3|& §J/Ea NEiyg! S2| SSJ- f|g°l e»0il CHff 
SEl HAISia 210IC1. #311 3 HSAil^ HI CH gf S (stat ist ical process control methodology)§ S 

ay^aoii aissfoi. ass ^§01 2 asoii asiaxi oi¥. a xi a co sopi aaisi hh 
@ xi^a *?aa oiqixi eiois aa ^e»xi oi^s §ss 4= sia. oiae smai 

og SH^s S£A||± aslS ^3RE£ Z}ffl»£SI«, »8f 311^ gf4{2| ' B§ (weakness) ' S 0IS°£ 
big 4* SiCl. 

£14: nixPl ^3 a 8011 DISH ^*I°J £ 19°) fiSj ^3jlB Alga MH. ^2Db £14: SI4= HH@2) S 

oi3i sua semi sci. s§2i ai^naini *£hi±2| sh&e s-thoh saeron rua, £i°!2j ^sd 
a aiejH) soi3i Rs.M\±°i saoii &&ai ch aaswi sia seroi ao. 

^§ S&OII 4**!a S3 ffl X|l 31§E£M1 a§ 4= Sit ^31^ 2J 0138, 4*^*1 2S a^oHOia 1 

aa. nixifl a^ aoR2i sh&emci awi sxisHot v ia^i asiAiacia aoici. ma 

^£l2j^» ¥a3E£ Sb ^XICH &S§l oH^SlS, 3 S31. 01 a 01 21 OIIXI grS2| SISSOI (HI XI 91 

xiohah asi ?wi ao. sixia, 0128 onaioisj a aoiou a$ §2^21 3Hg £iej2j a 01 011 

CHI XI 9lxl» B BWE! i^AiaO. DU01IE g^PSlH. 3£ &E2| 01IXI2J 0||£|gS £1 
eiOl 8N&1 CCD aSS!E£, ^§2) §aE31 BSfSO. B1EJI HIS OH S £1311 01 £ Oil CHSH 0121 & 311^ 

&Aja aai»Ai9i3i ASHAife. a vesi §^ aoi§2i a*e bi£i aoi. Aisa 
ou am ^mM zi\ §^§§ esaia aoi bia^sici. 

S32J HIS HSAIIS0IIA12J 1IH@S(01I» SS, £1£! , a§!M Efe 0iaaE( islands))* EA1 

6112, (OUS SB. HI 01 IH 81 £ieJ(tapered lines), ^(daggers) Et ¥6H&E(subresolut ion) Mia* 
0IS61O1) 311^2) UE» 84rAI3IDI. £1 ± 3 EH HI H£/dl£2| 33 ^g(0IIB IB, 
6!ig(l inearity), 2§S blOI01^(proximity bias))* ^3S161E^ 5ii 4- SiGl. 

hiss nna S2i §^§§ sis°i t^°s ^xioi3i 9t6H. hsaii^sj asicHi ch© n ssoi a* #21 
^21 4= sit 9a g3iis a&isia 201 bia^isici. sasia S3ioii ezhij tin, P3i ^§ 
21 m°i m± ei a 011 axi§it e 121 ^31131 si^si asaa ^ aa. 

Oiaa 3|g5|oj ^^21 SSI §CHA|3|fe ¥ 31X1 3Hil01l31 E 20 ffi E 21011 EAISC1. 

51 S1»H 3HdOII31 E 20011 EA|E| CM , 013IAH, S2|(164)S SI »2| 2JS 013101(166, 168) S SaSrffl, 

^ oiaioit ^oi3i sua aaa e-iei Et ^£121^(169)^ oi^oisa. £iei2i ^oi a cnaioi2i 

WoE^AH ^OiXIffl, CH SllOISl 2i= SEfe L^B SqESAH ^CH£!C1. H^2| OiaiOl El XI P 0 = W 0 
+ SoOl Olb HSHI^ SZiOll CH6H gSOICI. CD ^§g, Olfll CH £ll 01 ^ W ffi 21 019101 

S m 21 *§2iSZf2| tilOICH^: B.2S/H SSi ^ SiCl. 

B m = W m ~ S m 



B„2J §g£b ^ 3H2j ^ij5|oj *§xl(W n , S»)S ^SEIc 3?, W B 2| ^§X|CHI CH Sh 22J »|3eag » 

4(SD. msB nixisi aixi Aioi2i xioit wsi hioioi^ a§si §^e e m Euasoife 
4-9ESAH Algl 4- sta. 

£ =Pm- P. 



oi3iah, e oil a3ii» assKx, aaa ^s^s axia 4-e 2io. a^oi. ussi p 0 = ¥ssia <y 
^xisah 2f3t°j H£ioii aaa 4= sjo. 

¥ &!«H S^j 3H^01lfe §i yWCHI 2% SSia 'Metrology Method Using Tone Reversed Pattern'Oia 
SS2| OR ^S| SS! HI S(CHe.|°i SA1 HI FI9-96-146 S). 'Feature Size Control System 

Using Tone Reversing Patterns' a SS2J OR s§| g S XHI S(CH£iei §:M at HI FI9-96-147 S), 
'Optically Measurable Serpentine Edge Tone Reversed Targets' a SS2| OR ^o| #a HI s(CH5.|°! 
aAH Si HI FI9-97-012 S)0l| 3|#a U121 30|, a BtS OiSIIOKtone reversing arrays)* AlSSlt 

aoici. oiaa s^2j w& ib ^e-iaMt, aixi^s oiaaiE Et £iejs oi^^hu. Et 
asa oibhs asa s^a 3 a Et a^i^B ois 4- si a. a smai 91 a^a ^§i ti 
oiiah Aisa bi2i aoi, oiaaE sj £iaoi£ib soit saa 2joi» 3ixioi, sa, saxi a 

g(trough)0|£lb: SOlb? SS& 2J0IS a§|e fe gz}£| x|^31 X ^ Y as°S CHa* §i 

a §?■ xisaa. 

A on ah otiAia 5^ laaib axi a smei aas ^aai, niiaya arsi §a Et oiaaE 
g oi£ sms oi^oixi 2ia. e 2iont ¥ 3ixi E2i ch ai oi oiixis aesite a aa oiaioi Ea 

1^21 01I31 EAI301 91Q . S^i(170)a B »2| 013101(171, 173)* S&S1D1, 0|& CH £11 01 

aoi3i saa sis £ia(i75)Es oi^chxi^, ois £iad75)a oiaaE(i72)2i 2,^^21 s^sich, 

01 0iag!!E(172)a 013101(171. 173)21 gilSI 301. ^ % ES i^aCl, 013101(171, 173) » Ola 
a = (172)2| =a 'WoES ^OiaCl. CH3IOI(177)a 013IO|(173)S¥a DiSi 's 0 a# OR SOI sin, 

saa aoi2i asa £iej(i79)s sasicw, a waioi chixi gissi saa sioi s ^21 
oiaaE(i78)2i s^oin sici. 

bioiois si hi xi a oiaaE si sasj oiixi 91x121 s^sai assia, sa, ^ ^jhi as 3iesi 
a cia hsmi^ a 4*011 aa co g&as¥Ei s/Ea 011s Aiaoii cna co msm ssi 

sh y 4= 21D. 
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OKI SB. OfaaiE CH §B( island-to-space) tH0\O\± \ Si ni XI P W„, P S 0 g ^eim\ 2|6H 

S§1 4- S!D. 

"Bra = 'W. - 'W u = *S. - 'S. 



'S. = 'S, + 'S. 



Of^^E Si SB CHI XI E#^0l| mSt 6!CH OISSIU, C|5312(defocus)2} SiiSr gJtfog 

oisspi raifaoii, is B m E ?s tftgoii ej^sm, cis?i20iifa assm asm, mxi \, p s m g 
cis^^oiife ej^sm, tea wife eismxi aa. cd°i si ps=h2oii cn& ?«ir 

4= Slfa 201 S J»S H32| Sj£J ^aoio. 

o^a= si sb bhsoi eoismoii oioixids oh s>feoa(oii» »a. ? 

a 21 dHSOII CHoH SCr 8Kctark)0ia). 3I&21 BJS 3XIS CHI XI 91 XI OH CH& ffKfe 015 HH 

eon awaiss suet a«« oisi 201a. imah. 01 ^ rae ^ am 21 xmsah s^sifa, £5 

21 S3! (dose dependent) "b.S ?IB2) m&9\ g&OII tilJHSj ei&SrXI 8JS 201 CI . E5fe COOH 
CHB ^fi» MO] HieMEMDI DH9O0. 3IB2J HSJOII CHS" 2 sjflltt 4= SlOfe 201 B EhS 

ssssi m 22i ajg ^goia. 

E 220llfa brtr^S 311^ 91 AI2S0I PH^S!2S EA|£|CH SID. dl4, 21 £3211 HI 2PI §S 

AI2HJ0IIAH SS^jog aa«3fe 23f °A(§, grAM. 9I& gl^i§, 93 ?IB AI2IO ifg QS 
SS} ?goi &S9CHEIE, EAI& Wlte SAI OKbr ight-f ield) S*t SDI3 AIDSES ?&£!Cr. 

SAM S6| ^ESIHIS HSAHI22) 231 XI 4* Si 2Wai0|2| °JXr» ^SSrfaCHI 3g£M. E 

22011 AH SCH^ SS! (broadband light source)(200)B A|±g|2S¥E|2| p)g 3!2(216)2j 

CHS B(217)LH2| 3|B<219)#2S ^AF&Cf. £ff! (200)E£¥EH S3 3!2(col lector 

lens)(202)« S216rfa, ^ ^(principal rays)(201) Si PrSXM (marginal rays)(203)S SffS 
Ch B(205)LH0|I flflft }H?(204)fa, CHg 312(214, 216)21 *:? SS(exit pupil) 31- §^ &y\Q\\ 
Si3, 2§2| ?f PhBaaS S3 SO. B(206)U)OII 9lxl5h AM 2£PH 3H?(field stop 
opening)(207)fa CHU B2r gsij B3I0II S!3, 2IB&21 2g g«8 SSffa. 3rd (201. 203)fa 5 
01AH 3!2(condensor lens) (208)8 §»S SS! (200)011 2|SH ^^2| Kg g 4:§2| AHM-H! 

S ^Btj^jog ^2}A|3|fe HIS H El (wave length f i lter)(210)£ SBfiia. 

e>A r S ^S^l 0IB.1 (partial ly reflective beam splitter mi r ror ) (212)1= S3 S£8 90 E2| 2| 
2§ ?SCH S0IS CHS SOj^f^l §ha. £!§5J2S, CHS Si!^^ ^^2| S!E 

301, E 22011^ ff #21 312(214, 216)SAi JHSf^SS EA|£|01 SICK CH¥S2| 3?, §g 
B(pupil plane)(215)B EAIS ti[2i aoi. e!52) LH^OII 9|X|tt 20ICF. gflf AI^U2| 

S^, 5S0I §g B(215)LH2J 3H=P(213)» XHS HHSJ 3|E0)I 2J6H ISSCr. 3 S^OI §g 

a xHflxie ss2j b^^s S3 ch ^oisa. ESh, ^^(213)^, cog enroll °ish asa 

SIS Sfd2| arjaiM ^§§rCM, C0£fAH CH5 2!£2| SH^ES 2Se!Cf. 

OlOIXIfe 0l§3r^ 29101X1(218) ?|2| CHS B(217)^2| }|B(219)2S¥9 61 ArS Oil 31 
2(216, 214)» &hCH gf851 CrAI S»3I(212)* § UrS Sj3)-6H , OIQIXI B( 222) Oil 9) 

xi e ccd cnaioisj aw ?f weh 224)011 ?§aci. s^, oidixis 8(222)^21 ccd chbhois s^s^ 

EH OH fa B^2| 3!2(224)£E SS!f 20ICL O|5h0)l CH 3|£S t)r£f »OI . S ttSSI «A| 
Oil fa 3!2(220)2f B(222) AfOIOII XII 2 3!2(232)S, 312(220)21 312(232) AM Oil B(230)2) 
3H^(231)« OISSQ. 9KDIEK224)S¥EH2| S«g OIQIXI HSAII AH ( image processor ) (226) Oil 2ISH 
a^2S SEHSSOH oH^a 4= 91Q. » &S2J S=v 3j|* AI2H0IIAH, §M32| OISH 3^XI 3|fa, 
^, OIQIXI S^, 3H^? «S. «S tiS|, 2g SIIHj §8 OMaSHSAHAH XHIOH A|2g J '(228)0|l 2| 

SH B£iaa. 

bf^SJS S^IS 3 LH¥21 El XI PffiH CH2H0I ^ WCHI 2ISH SAIS 4= SiQ. a^a n 

AlOIOIIfa ^iltv OIOIXI e^£r2E^t SlOHOt fiQ. OI0IXI 5^^^^, Er& SI ¥S ^Bfl«2| 3| 

pi maDias. nHEHy El b^, 2H eh y ei xi as as s o^oii pibsi asj- s^sj 

Q. £ 23 ^ NA = 0.5 Si a = 0.52J SSf A|2^0ll 21 SH a*S. CHS^ei Bf 2§i^2J S£aiX|2M 
LH2I P = 0.55 umei ^Xr ?2(grating structured E^Si±^.0\\ CH A|gai0|<3 3BHHH EAISfH 

sip. eais ti[2i aoi. faEe.^ei= ^i A i s^oiiah mson 3^1 siseo. ^oi& disoiiah 
fa. Maya s^s ^e2j g^aa a w^u. ch oh^^i i 4= sisw. s§ g«o| rj 

25-50 nm XI4=ei 3801 Std. EA|@ g^OII S101AH, 5§e|AE fe ^ £ S »j]i 3 ^yoj 
CH^ei SrAHiOII 24 6H 2§S!Cr. 

e^£r2S0ll SlfS 01 XI fez ¥ eJW 3PI HIEMEIfa 2S°I ?g PrB^^OM. 

til BSg( incoherent) AI2^S BXI i^E0l|AH2J SaBS B^^fa BtB, A|2gJS 91^ 

Oil DISH AH E SJ^SM. &E ES^2M^h »2J Sfa 3^, ds2| EE 2S 91^ 61 51 LH OH &3 Si 

o. a^. msf2j d§i si ^fa ^b^^2| <ysj S e = oissm s§bi a §i a^atf 4= sia. 

OIS 2 SOU PrSHXIfa §M2| fllSfg, CHe BUI 21 2S 211^01 SSJ^WI S^BOI, H^S 0|0|X|2^§^ 
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D\m sssno F ttafe 201a. 

s ttgsi we si© esoiiAi. ni§ \ ¥^ 5ie*gg ofe ssa^s a^siou aiss a . 

012} 3S g^. SH^Ei gSlAPIfeGI NA« AtStf 4= SiQ. SI 3 01 BfgSlE* QMSi ^^M0\\ U 
By bV5£V 301 (A. , 0 )■ tfB!8^. 

P > ,1 /(!+<*) 



NAfe hh§i ai£ie!M3i oH&ejxi s&spi ash 4^4 2011 a>ai ^^1 4 s sio. oni sen. 
4=§t*i 1231 ei^sixi S£S, e 121 oiaioi s^ui°i n«e sy£iem5i oioixism 3isr£g aa. 

E I g E 122) §^21 30!, P51 W2HOI ^0)| 4=33 OH. * ^H^J »82g NAM MS [>e3|| ^§§f 

t 3aoi ^£iaia. nixisi asfOHa aiaessi soiou 4=3 gj&jsssi ys na& me Bi£ie!M5i 
sh&sixi sfEii sssim, tyeoii cnaioi =°i &»PRSi §J£i2iE£i aoioii 4=g a»)2ssi 

NAb WaiOiSi OUXPf S SH&SIE^ SS80. <s£ NA2I gf» tf90N 516HXIb: »U9 SlffS. 32! 

01 y\* Ai^a oil chsh Ma s^ei «isf§ 5iecus 201a. ^ si na^ grs© ^§ § 
iJE2i agon ¥tt«io» eo. s&et. 3 §3E>= exH°j gag sem&oiiah egg 4= sife §s 

E, 10 nm(3o )21 §§ff 3J0I UHr*ioia. 

E 222J §1013 g}||2| NAfe, §S ©(pupil plane) (215) Oil SI XI© ?H?(213)8 £ 

Si 4= SICK NAfe, 3H?(213)» SS^feS^I Efc S351ig6i:>ll e*g°£*1 4= 

sia. e 13011 eai^i ma as saa ^fe: nHS2i aioioisoii chsskm. ¥ :>n£i g*»ss 

NA» AHS £161101 ft Sfi^S S^AI3 2101 a. 3£1U, £§21 SH VH * ¥S 512fg&0|| 

3 88 01 XI II :H^(213)B SSAPIfe 28 Olgan SJ£1Xi 81 0. S&2J Dll aiSOllAH 

?h?v sssifeai gse 513113 xiioivb aeitt e*e s&oi ss eon ch^h ¥^o r a. siusi 

CHttS 2§9 3H?B 3>fe j2»Wteff CDs g!!E2| All eft ^blolfe 20ICK NA2j 2^321 £31» 
3Hb»3B SH^fe dl§f3§r SHl^g. E 22011 EAI9 U121 301, S0I321 OIDIXISI »( imaging arm)8 

assffe 201a. ais §§ eon g^e ^^sie^ mi ^^(220)21 oidixi EK222) Ahoisj 

SSLHOII aa» AliHOI ^tsacf. e!i(220)2l e!£(232) At0|2| §5" e (con Jugate plane)(230)S ?l 
B! 5H^(231)« ^SSHM. 0| 5H?(231)fe OIDIXISJ A|iU2| SI NAB ^§§IE^ SSI 4- 2JO. 
^l-eS 3H?(232)fe Emm Dm ?H?S § 01E 6HH 4- bfSSj finite E 13011 EAIS 

?H^oia. 

Sifi CHtlOII Efe 3011 $iJWQ\. ¥ ?H2j 212 S^^2| SI 5H^E2| SI8, Oil XI 2SS0II, 

OIQIXI SSWIAHOil 9 »aS ^li^ §21 SEIS ^ISS 0IS92SJH ^Alfi 4- 2JCK 5!X} 3KHI£I 
S CIXIS 0IQIXI2I ?&|0|| e*(fast Fourier transform; FFT)S 0|0|X|°J SEi SZf ? 

Ef4- s^es e*ea. oi oi xi ^ n^nr4= sei nass am e^ a x^oiiah 

^AIS 4= 2ia. ^ FFTfe 3 0IDIXI» OIQIXI SE S^££ XH^&Shffl . OPIOIIAHfe 0|| XI 3i 

SSOI 5)§i 4= 21 CI. 0I0IXP) feS NAOIIAH ^jsgji, 4-S,^ 2» S^AI3|b 331 301 HI XI g»» 
213 £g §2} ^^01 ejfllEJE^ aSSOl £1^, 0)1 XI S#A|£| gfE HSfflS§ S^)°l S 

gfgoj 5H?(213) Efe 5H?(231) ^l 1 * AfSSKH ^S^Si HSErS^ a«» 20ICI. XfOI^, 
OlOIXISfSI 3¥0II aiWUDj. OPIAl, 01 01 life &§iOU ejaffQI, Olfe OIOIXI HSAHAIt BXI 3 

asi esd oiqixi ■ 'a^'tt sopi aHSoia. o\m x r oi^ ai4=exi &m 4=e si°u, oi 

QIXI XIBI &&I0II 21 e Zt2f2| 43AI0A ISS! 311^01 ^§ AiaOfl CHoHS 3! Old. 

t!0l§21 01 01 XI » &LH2I »af^|fe E&. SXI 3HHI2ISJ OIOIXI AIOf 35181 OIOIXI & F0V( f ield-of- 

view; A|0t)M 3!0ia. FOVfe 512x 512 CCO OJ2II0I&0II/H 50 urn gg.^ square) 01 a . 

a^. a^2j a^ife cflaf 100 nm eaoio. 10 nm°j §iei gtssfae. 0.1 siiaa flfij 

CI. »•} 0I0IXI2J Oil XI ?|X|2| a2}(interpolation)0l SfiSia. S^E°J gf^S, SS© FOVCHI AH 
fid 3^E2J CCD OtBIIOIfl OlgS^U. §3© CCD 3E0IIAH FOVS a^AIU2SMl( OIOIXI* tUSSS 

sMi) g&m 4- sia. s^eoii sss Dixit as seis oiaioi oiixi ^»si oioixi 

OI £1 ^ ( i mage acuity) i! 3 SI^^OID. 2#Sl b!2f 301, i§2J EISOIIAi. 0101X1 0DBI3 SI B«» 

^s a^fsi e.^^31- 6faaa. &«*aoi s»pi- gxi sfecia. iiEb oiaioi =°j 

S2| NAOIIAH SSrAISeSMI ?H^S 4= 2ia. 

FOVS CHSf 50 um S XI APIS, B^2) FOVUIOII «4-2J CD S^JS S»» 4= SAdfe 01 §01 2i 

a. 3ae ^hm?iic»s oigois ^4>2j s^s. fovoii ixi as ^i^^oiiah saiwi 

4= Sia. fe h Ollh B^S, £ 2 LHXI E 6011 £A|@ U12I 301, £I4:32JIDI HSA)|i2J ^0I& 
UEia 4= 2i2ffl, SEfe, E 1 S SsS OR ^&l #S! XII S(m£|2J SAH eis XII FI9-96-146 s, HI 
FI9-96-147 S SI M FI9-97-012 fi)0H ^HAIS fi5j0||AH21 30I , £I±32J1EI §5f soieoj eg oj 

s »istt 4- a a. Ewaioi ^§3f sai§i a^2i, s is e= e 24011 eai@ 012* 301, 33 

aiOIOlg 9S 31^1 iHS?||Oife, S Efe 3 01^21 gfgOIIAI CD Sfef SA|0|| fl^Sf 4= 2iE^ SH^ 
a. E 2421 H=!S. 013101(132' SI 134' )31 Y S8(ai£ieiM2| 30lfe Y ^Oll SIS)2S2J U 
£IB1M(133', 135" )S 0l¥OlXI01. 019101(140' SI 142'Pl ^ X &»(H&ieS2| 30|fe X ^Oll S 
1S)2S2J ^die!M(141' , 143')S i^feafe 31S fl|2|8Hlfe E 182| SAloia. ^dieje y 

013101(132', 134', 140' SI 142')°| ^£15!^ =31 S3S1C1. if^21 OiaiOlfe fi5| 
S6JS(131)2S¥E1 §351 51 El Oil OiaiO|2J {^(132', 134')B ^3H2J H5jS S&SID), 

015IA1 (01^3 Eb aiEIS^SI) 01 £11 01 ^2] CH» 0IIXI2J2I gS 51£|fe ±§2J d^XIOia. D1&51 
XIS. Eel 01310121 *H140'. 142' )S SAlEl »4|£g HHXIS ^3H°J H»S SffffCl. E 180IIA121 
301. Oil XI 2Wai01» &SSPI flffl. fi^! OiaiO|(132', 134'. 140' SI 142' )2J 01 01 XI fe 5|&£| & 

aiai^oiiAH e# s onsscH , o^etioi ( 152. 154, 156 si 158)21 0101x11= 5ie°i qe ai^^on/H 

tt 9! OllSao. 01 OH fiSJ ^^oj g6J§(i3i, 151)s aXIAPI3. H|2f5|2| ^£121^ 30I2I X 

s y s^»s sxiaiE^ sia. x si y s»si bioioi^ sy EtHaioi onat. cnaioiui2i oiixis aioi 
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21 iHdi, swwau 301a aitfsi oiaiois Aioi2i 3i£ia ^§&°smi aiaa 4= aia. 

8, 38(b ClblOIS BH@£| ES £ S38 E¥ HI3Sia HSAII6J S2h 3£IH xl^ 9UOIJH 3182 

5 DH@M 0IIS»fe ^SS 4= 2ia. Iff, E 240ll EAIS S2JI2I 3|#0I!A| A|§a S3 
21 ati 2i «t£ 2!S CHXII SI a 01 AfgS 4= «Ch 

co a stHeiioi 311*8 2^ ssa 31313011 ^esia 521 3ixi« asztwa. Etnaioi 31* si 
«»BAi, a ttsoii 216H Hiaa §a 31*21 est «tt H23i giei ^sjsho^ sci. yens, a 

ttasi 3131 SJ A|±S32| CD2I EbiaiOl 3«€?aOII AIU» Sj»3|- BttilS 4- »D. SSI XI40I 

a^eron iosi. 2maioi a at si m^si &±3> §§ ch msma. co 3«*g°£ jhws sue oiai 

01 2WaiO| 511*011 3g3f^ofa. CHSfOI. CO a H3£, E 18 Efe E 242} 30 

§k» 3i^a uf2i aoi. a ^301 saioii oi^oi§ 4= aiEst sua 4= sia. 

id a- ah. a tfgoiiAife. y\tk 6H3£ sate , 3 im me heib^i. si me 21 sis nisi « nixi 

■ QIESia 331 % Hlxl» 3>fc Si? OiaiO|2| 011111 IDE! smSSSMI. SIS nixH 33IS¥S eei 
aCI. 0191012) xl4=a S2IS 3311 » 4= K2. S2|2| S0I3 gAI 31 a (Ml 2|oH OISS oH33lte§| 

3ii as 4= sici. me lyaaMa 311* oH&esci 2*311 s 4- sach, nia 331 sj33i^3oiia ea 
3ei hisoi ad. oi ai 01 21 011x1a cneiioi* ^3sia 3hs§ me sieiaMsj xi4=2i 3ehs 
oiseo. 

^§ sue si assi nan a^eiE is esaaai 01a, 31&21 soioii cue ^3 ^S3i a* omi 

XI 21 g§E|iSl ^2jff2£M| 2U9S90I. 3SE3I £iS CHaiO|2| E|xl« ?3|S2§*I SLiat! 
a 4= BP I tmeOICK SiS OR S§! SI s(CH£I°! £AH gja HI FI9-96-146 2, HI F 1 9-96- 
147 S §y HI FI9-97-012 S)0II 3l8*S b}21- iTg S BIS S3B £5 % 5§ 2|g3§ g£IS|feQI A| 

si 4= 21a. 

ES, BS £r§r 3I3ILH0II 2!£I2J CD » StHaiOl 3||^0| B«ap. CHaiOl 3^2) * 

3, QIOIEH 4=3 « 8H4T0I & 8IU2| &3flg 4=tSS 4= Si. ^I SCI. 

OiaiOl (Mill ^§31, SiJE « BE2I X|«l SfeiB, CO 31 4 OH CHS S8f S0IS2I 6H^E SI 2 

2) HISS SIEItt 4- 9X^m SHSCI. &m 2J£I2! 3I3ILHCMI ?§§lfe 3E. BIEfl HIS HSAil^2| bl 

S. AIOIS AI2>(cycle-time) S! ^&E» &^A|9|fe ^g£|2! m?mm HIAISP. 

a tse ^§2) bi&£is ^Aiotisf aesioi ^si 3i#£igtxieh oia 3ixi xis. 4=3 » a 
#e lh§2| a xi 011 ah &a»oti3ii aaii& 201a. s^a s?i3i a »ssi ass a 

ai^s 51 ch u xi a*a 01 as asisi xia, 4=3 ss sas sssife 212s °iEaa. 

at&°i mm 

a aaoii 3iesi hioich^ Eb Ewaioi 011 bis agaife 311* sxi si HSAii^oii 21^21, ssi 
3}, cHe &2i. cue eyssi. 0101x1 as s&sib ai^nsmu hsaii^oii 2|§h s^a 3iasi ufoi ch 
i Eb swaioi was s^^°s a§& 4= 21a. 

1 

£|4:3aiEI H£A||^( lithographic process)CHI 2|§H S3a 3IB2I b|0|CH±(bias) Efe 2WaiOI 
(Ml £1 (over I ay error)* SSSfte 311^ 3x1 (metrology apparatus)OII SiCHAI. 

© »a( light source)!!}, 

© «3| 3IS2I blOICHS Efe 2WaiO| Oil BIS ffSSIE^, fi^(target)S 3 91 OH ^b 3|©S 4=g 
§lb CDS &(object plane)^, 

® em ai ssoiiai. 331 sa2s^Ei 331 31&&21 2332s sa§ 4-s§i3, acii ssoiiah. 3 

31 fiS|2| 0101 XI ■ S&Sfe aAf §i!g 4=3 §lb. 331 ^^2} 331 CHS a AIOI2I CUM 
?!!S(object ive lens)£l, 

© 331 CHS B2S¥EI aAia 331 S2<2| 0101X18 S&Sia SaS 4-aSffe 0101X1 &( linage 
plane)3l, 

© 331 3x|2| 3H?4-(effective numerical aperture)* ^33lfe 331 CHg 21521 331 01 Dl XI 

6 AIOI2I 3H^? 

■ S^Sia 311* 3x1. 

2 

HI 1 &0H 2iCHA4 , 

33| 3H?a 331 3x121 ^5 3H?4=» SSA|3IE^ 5I7^S 3)1^ 3x1 . 
3 

a^naim hshi^oi sish §3a 3ia°i hioich^ Ea 2waioi oiias assia 311 ^ 3x1011 sich 
ah. 

© saai. 
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© #31 3IB2J b)0|0)± SEb 2WSW01 0)l£)8 B§8)Eta, 238 H ?I0II 3>b 3IB8 4*g8)b CHg 
BID, 

<D siU5i srefoK/H. #3i saes^a #3i 3ib#si H3#2£ »<y§ 4= a am, ycii ^sohah, # 

31 H32I OIOIXIB 2§fo)b ejAf Sdi 4S8)b, #3| »S3f #31 CHS B A)0|2J CHS 0152}, 

© #31 CHg B2£¥EH #31 H32) 01 Qt XI S SffCffe 3£§ 4^8)b 01 01 XI Bj». 

© #31 SXI2I £s 3H^4» *33A|3|b, #3| SS!^ #31 0101 XI B A)0|2J 5|J|fe UI9SI JH 1 ? 

B SSflffc 311* #Xl. 

S^S 4 

EI^HBHEI HSAHI^OII 2)6H ggS 3IB2J d)OIO)>i SEb 2d)B)|0| Oil EH * B§S)b HSAHI^OII giCM 
AH, 

a) 81! El B M 21 012)1019 3>b &3S 3|B#0|| X||§8)b B3II- #31 OHaiOlb SOI §y s>b. 

2| oi^S ^l^£g S«|gt iydieiMfi S88I2, BI£ie*M2| s a oi 2 gJSieie^oj y^oj # 

^1 ii£ie±S2j m xi ( P itch)« §sj§hOi, #31 tsaieiMsj oiixib 2f*2j cnaioi 011x1a §#§)b yeis 
ra-e-F 3192, #3i o)aioi2j ouxi^si zHEib cnaioi2i =s o\mn a- a, 

b) E)#» £b »Sj», □ Won #31 H^li 3fe #31 3IBS ^gofb CHS BID, 8)U2J ^ if Oil A), 

#31 ia2g?a #31 3ie#£i #31 h^«°s ^asm, sich &»on/d, #31 i« 0101x1 
■ sssffe eiA) mi 4=g§^, #31 s^id #31 ens b moisi chs &*sa, #31 chs bss? 
a elws #31 S3 01 oixic sssife s<ys 4ti8)b 0101x1 bid, #31 »ar mi ^ 3i3i°i 3H 

£3AI3lb, #3| CHS i52t #31 0101X1 & A)0|2J 5S3ffe 3H?« 2E»»fe 3j|* 3131 
« HSSfb &3II2), 

c) #31 g| £| Bl MSI EIXI3K 0)aiO|2) OB XI &»SS2| 311* 3|3|2| 3H940II U& #S! E)#2J HI 
Sea 33HU, SEb 312| gS5f£^ #31 3H^4« 5I6ffe B31I2), 

d) #31 3IB2J b)0|O)^ Efe StHaiOl Oil BIS B3»3| ?)8)01 #31 S§t CHaioiSJ 
#31 Oil XI ft oH#SHl, #31 0)31012) =| *§o)b B3B 

« sgsffe avoicH^ EEb smaioi oua bs hsahi^. 

S?» 5 

XII 4 SOU SiCH AH. 

#31 fllxlb #31 3IB#0II 1S@ HI XH (minimum feature)OII CH§8)b tilO\0\± SEb 20131 01 Oil 
a) B§ SSAHi. 

S?8) 6 

XII 4 SOII 2JCHA), 

#3| E+311 (d) SB 3H^ ^£ISM fe mj\ ojaiOILHOIlAi 8H#£IXI Sfe ti[0\0\± Efe 2Wai0| OS SI B 
§ HSAi|>i. 

7 

XII 4 &0)l 2tO)AH, 

311* 3|3|2J #3| 3H^?b blSSOIH, #3| B3)l (c)OHA), #31 0)31012) Oil XI b SH#£1U, 
#31 0)a|IO|LH2| 2f2foj leigjEfe 6K#£IX| &E.m. #31 0)^1012) Oil XI S»2S2| 3 S) 311^ 31312) 
3H?4 NAb #3| 012110121 Oil XI (XI 4321 »»2S2| ^ 311* 3|3|2) 3H^4 NA2) #018)3)1 tfSISfe 

u)oioi^ SEb 2waio! oil a b§ hsaii^. 

«=?» 8 

X)l 4 SOU 2i0)A), 

#31 iy£ISM2J #3| niflfc PSA), #3| &S!2) #31 H)#S XSAi. #31 3H^ifr NASA) §2)£) 
I!, #3| gSf 311* 3|3lfe o SAj §°|£|b ¥S 3)BS# (part ial coherence)S 3)X|ffl, &31I (c)b 
ae°) ^s)38 B^5)E^ 5 H ^>, a ¥S 3)B£J#§ SS5)b B31I- 04 31 AH , 2|^|2) l£ieiMb # 
31 H32J #31 cnaiOILHOHAH 6H#£)XI B SS8)fe b)OIO)^ SEb 2bHaiO| CHIEH B§ HSAHl 



(4=§f3 1) 

P < or * NA(l+a) 
S^?& 9 

XII 8 g)0|| S10)AH, 

#31 »af 3f|* 3I3I2J #31 3H?b HiagOIH. #31 B3)| (c)OIIAH, #31 0)31012) 011X13) oH#£JU, 

#31 cHaioimai 2fzt£i aeiasb 5H#axi as^. #3i o)aioi2i oiixi asfesai ss si* 31312J 

3H^?4 NAb #31 OHaiO|2J CHI XI Oil 432J g*»2£2) S§) 311* 3I3I2J 3H^?4 NA2) #018)3)1 ^Sj£)b 
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a\o\o\± sfe swaioi on a eg hsaii±. • 

10 

a ±3 aim hsahi^oii °ioH §4@ 3iea aoioi^ £fe swaioi on as eusHs rs.m\±o\\ sioi 

/H, 

a) 3ie4oii aaemsi cxaiois at h^s *«§§)*= eai- 43i oaioib aoi k »fc. ^4= 

21 0139 ^i»2S gISSi ^£l£Eg 5ff8t2, 8iaaS2| 23 ojg fflaSMZf2| 21^21 §}g 4 

:>! Haemai mxia seism. 431 Haemai oHxib gf*2j waioi ouie ssstfe aejs ma 

S8EI2. CHBtlOISJ Oil Xlg Af0|2| 3i£lb Oiai0|2j =| 01^311 a- 2k, 

to warn ^= g&ik. n mm 431 h^s 3ft 431 3ies 4=gsfe chs sa, smai tfsoo/H. 

431 »3|0S¥EI 43| 3ie4£J 431 B^4f2§ Sd» *S8KQ. &CH S»0||/d. 431 01 01 XI 
« S»8lfe &M Sdi 4=SS)br. 431 SS!^ 43) CDS & MO\°i CHS a52f, 431 CHS 
El BJAIS 431 S3 OIQIXIfi Sff»fe S£S 4=ti5)fe 0101X1 SI, 431 S§f 311* 3|3|2) $?S 3D 
e§A|3|fe, 431 SSjII- 431 0101X1 & MOI2I £IS3hb tilSlg 3H?« S»8te gSf 5||* 3| 
31ft XIISSFfe e 311 21. 

c) 431 ^dieieo) EIXPK O1ffl|0|2| CHI XI gSf 311* 313121 JH^^OII CH» »§2| dl 

saa £f3iu, sfe »£j sss^a* 431 3H^» sss^ eaisi, 

d) 431 3IB2J HhOIOI^ SEfe SbiaiOl 0US1* 431 0iai0|2| 2|2|2| iy£IS!E fi 5H 

4mxi ase*) 431 a* 3ii* 3Pis 431 oiaioi2j 431 oil xi s sH4sm. 431 o)aioi°j =g *§ 

Sfb B31! 

■ sewt ohoi ch ^ sb smaioi on a eg =s/di±. 

11 

XII 10 &0)| 9lO\M. 

43| &ttk 311* 3\D\2\ 3u ?fc S»80I3. 43| &31I (c)OIIA), 431 0iai0|2j Oil XI 31- 6H4EIU, 

43| CHaiOILHSJ 2|2f2| 3H4SXI SfS^. 431 0)aiO|2J OIIXI &»2S2| »ar 311* 313121 

3H?4= NAb 431 Oiai0|2J oil XI Oil ^32J lf8°S2| gSf 344 3|3|2| 3H^4* NA2I 40I6MI d^£1fe 

bmioi^ £fe swaioi on a es hswi^. 

12 

»l 10 §}0II SiOlAi, 

431 ^EI2!M2| 43| Mxlfe PSAH. 431 SS!2| 43| Hfgg X S/d , 431 3H^fer NAS/d §2JS 
2, 431 §5T 311* 3131b 0 sLAH §2|E|b ¥g 3^^4S 3(-X|CH , & 311 (c)fe QB2| 4-§,^S Sl^ 
ofE^ 3H?^ * ¥S 3f2*fi£S SI§lb &34I- OJ3I/H, ^^2| ^ElSj^b 4^| H^Sj CH SI 01 

LHOIIAH §H4£JXI SB- ■ S&offe t)K)IO!^ SEb SWaiOl CHI SH &§ HSAII^. 

(^2,^1 1) 

P < or NA(l+ g ) 

s^e 13 

7i\ 12 SOU 2J.CM AH , 

43I S§f 311* 313121 431 S»«0|3, 431 &31I (c)OUAH, 431 CH 31 01 SI CHIXIb 6H49U, 

431 CHaiOILHSJ 2j2|oj ^S-IBj^b: 6H4BXI BE*. 431 01910121 OIIXI ^»°£2| ^§1 3)|* 3|3|2J 
3H?^ NAfe 431 01310121 011X10)1 ^asjSJ &S2S2I »flT 311* 3|3|2| 3H^^ NASI- 40ISMI <^ S^SJfer 

ufoioi^ £fe swaioi oil a &s ssaii^. 

S^PS 14 

£|£3EUII| SSAII^OII 2I5H 3|&£j ti\0\0\± Efe 2WSIOI CHI « &§SfJ= 311* 9X1 OR giCH 

AH, 

© ssia, 

CD 431 3I&2I UfOIOI^ £b SttaiOl 0I1&B SSSIEf, 3 9)0)1 H^S g?fe 3|&S ^SSfte CHS 

&- 43i a^g aoi i^fe, m^si oi^s ^i^os gi§ isis§i sesfe oieiioic 

^n. ^£ieiM2i =a aia aiaeiMLvsi zv^si sg 431 ^aieiE2i nixia s 21 sum. 431 a£iej 
sal oiixife g,^2i waioi chixis m^oyt; aeis coa gaaa. 431 en aioisi 011x15 aioisi 3i£i 
t cnaioi =s oi¥3)i a- 

® smsi areroiiAi. 431 gsi2S¥E) 431 31&421 a^yss gd§ ^asm, yen &»oiiah. 4 

31 S2J2I 0101 XI B S&Sffe gdf =£S§fe. 431 431 CHS & AF0I2I CDS g!!52f, 

© 431 CHS &2£¥9 2^2) CJXIB 01 01 XI ■ ^46^ 3HHa». 

CD 431 ^diejEo, aioiou ^^e> 43i gydiemoj mn9i g^gfogg a jj H oidixi°j ag§ ejaisi 

© 431 3I&2) IdfOlO)^ 5b 2Wai0l Oil EH • &S6PI 918101. 431 0)31012) 43| Oil XI S oH4§) 
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2. #3! OjaiOISJ s| sggfe ■ 
S 5»8rfe 31^ #Xl. 
15 

m 14 eroii sioiaj. 

#31 PXII 0I0IX|°J SSI stHIStb #31 4Bg #3| PXIB 0I0IXI21 2^ ^£|0|| S«(fast 
Fourier transform)* ^SSrOI 01 01 XI SI UEB S2I ^Er4= ffi&5r= OrOiaSE^AIIAiS . 

#31 ^aieieoj mx \ gf»si #31 oioixi°i fes #=s ejxusrfe iai seshfe ai* 

Sxl. 

16 

P±3BHEI HSAII^OII 2JoH iSS 3IB2] ti\0\O\± 5£b 2fcH9IOI Oil BIB SSSrfe SSAJIiOII 2J01 
AH, 

a) 3|Ef#0l| ffl£ieiM£J OiBIIOIB 3fe H^S H|g8rfe B3II- #3| OlEIIOIir SOI £ = § 3H=. ^4= 

21 oi^s ^.gwog s»8 r 2. aaaMsi eis aiaies^si 212*21 ©e # 

^1 ssaessi nixia s^aia, #31 hj£ipjm2| onxit gf^si oiaioi oiixie §#3rJ=r afejs mef 

3HS2. #31 W5ilO|°i Oil X| S A r 0|°| »E|fe 01 211 01 2| = 8 01^311 §)- », 

b) #3| H£!2| PXIS OlOIXia ^#Sr^ B31ISK 

c) #31 a'Bie^sj goioii ^ si oi #31 ^£ipje°) nia gfifsssi #3i axis 0101x121 sjxii 

§rfe B 311 fir. 

d) #31 3IB2) brOIOI^ £^ 2WBII0I Oil BIB flSKM, #31 CH Bfl 01 «1 #31 Oil XI • 6H#8r 
H, #31 CH aid °l = 8 ^Sofe B5II 

a zmmt= mo\o\± ee±= smaioi oil sh »g hsaii^. 

17 

HI 16 9 Oil 2iCHAH, 

#3| B5)| (c)*= #3| CI XII 0IQIXI2I ¥ ELI Oil =£t!!8r01 01 01 XI 2| 32* ^Ef4 

°£ #31 ffl£|PJM2J El Xl #31 0| 01X121 feg 32} ^E r 4 #£8 « El §184= 33(1 

a sesrte bioioi^ Efe 2 wail oi oiiai as =s«i±. 
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e^^oi 10-0276851 



,5 ' ^r=^- i 



I I I 



I max - 
Imin - 



waioi m 



— H ! I 

X1 | x 2 

C =(lmax ~ Imin)/ (lmax + Imin) 
W m =x 1 _x 2 
X c = (x 1+ x 2 )/2 
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oco ma tis sse>±? 

CD= 0.275um - 



I I I I I I I I I 1 I I I ' ' ' 1 I 

V f \ 



+ 



+ 



i i i i i i i i i i i ' ■ i ■ ■ 1 ■ 

0.5 0.6 0.65 
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